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PREFACE TO THE AMERICAN EDITION. 



In view of the well-known thoroughness and accuracy of Bruno 
Kerl's various metallurgical works, the preparation of the present 
edition of his abridged Manual of Assaying has been undertaken 
with the conviction that it would be doing a real service to English 
speaking students and teachers of the subject. Though presented 
in very condensed form, every method of importance will be found 
to have received notice, and its practical value duly estimated at 
its proper worth. 

The utility of the translation it is hoped will be found to be in- 
creased by the introduction of the English equivalents of the 
French metric weights and measures, wherever these occur 
throughout the work. In other respects the aim of the translator 
and reviser has been to preserve in its integrity the text of the 

original work. 

W. H. W. 

Phii>adelphia, April 5, 1883. 



AUTHOR'S PREFACE. 



The object of the " Assayer's Manual" is to give directions for 
executing docimastic tests of natural and artificial products by 
methods taken mostly from practice, and which are of interest 
especially to metallurgists^ but also to other technologists. To 
those possessing some knowledge of chemical and docimastic 
manipulations, the aphoristic mode of expression I have chosen 
will be sufficiently clear to enable them to execute the t^sts with- 
out further instruction. Those less skilled are referred for details 
to my larger work on "Assaying," Leipzig, 1866. Copious 
bibliographical references are given in the foot-notes, which are 
calculated to help both the teacher and scholar. 

As the assaying of iron has been thoroughly treated in my 

manual of " Assaying of Iron," Leipzig, 1875, the subject has 

been omitted in the present treatise. 

S. ElERL. 

Bkklin, September, 1879. 
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GENERAL DIVISION. 



1. OBJECT OF THE ART OF ASSAYING.^ 

The art of assaying {dodmacy^ from 5oxt//a^f ev, to test) 
is a branch of analytical chemistry. Its object is the 
quantitative determination, in the shortest possible time, 
of the products of mining and metallurgical operations, as 
'well as the quantitative examination of many natural and 
artificial products derived from other sources, such as 
coins, fuels, etc. Formerly, in order to reach the result 
wth the greatest expedition, the dry method {dry assay) 
was chosen for producing the chemical reaction ; but, as 
this was frequently done at the expense of accuracy in 
the result of the assay, the wet method (wet assay, gram- 
metric analysis^ analysis by measure or volumetric anah 
f/sis^ and colorimeiric analysis) is also used in modern 
times. But it has by no means entirely displaced the 
dry method, for the latter is employed in all cases where 
results sufficiently accurate are more quickly reached, 
or where suitable, simple wet assay methods (as in assay- 

' Kerl, Eisenprobirkunst, Leipzig, 1875. Balling, Probirkunde, Braun 
schweig, 1879. Mitchell, Manaal of Practical Assaying, London, 1868 
RickettB, Notes on Assaying and Assay Schemes, New York, 1876. 
2 



18 ASSAYING. 

ing lead, cobalt, nickel, gold, and silver) cannot be substi- 
tuted for it. 

Sometimes a combination of both is employed (assays 
of lead, gold, etc.). Recently the method of precipitating 
metals by electrolysis^ has been employed to great advan- 
tage (copper, nickel, cobalt). 

Volumetri'C assays can mostly be performed in a shorter 
time, which is an important item where much assaying 
has to be done. The results they yield are either very 
accurate, or at least sufficiently exact' for metallurgico- 
technical purposes ; they are less expensive, but require 
greater experience and more chemical knowledge on the 
part of the operator, and special apparatus of accurate 
construction. While by the dry method the metal as- 
sayed, or one of its alloys having a known composition, 
is weighed directly, in volumetric assays it is calculated 
from certain reactions of the reagents employed, and 
the result may possibly be vitiated on account of the 
presence of foreign substances, of whose presence there is 
not always an indication. 

Colorimetric assays are chiefly employed for determin- 
ing very small quantities of metals which either could not 
be detected by other methods, or, if so, then only by very 
tedious processes (copper, lead) ; but recently they have 
been developed so as to adapt them for substances rich 
in metal (copper). 

The blowpipe is frequently used for a preliminary 
assay.^ 

» B. u. h. Ztg., 1869, p. 181 (Ltickow) ; 1876, p. 155; 1877, p. 6 (Schwe- 
der). Grothe, polyt. Ztochr., 1877, p. 11 (Bertrand). 

' B. u. h. Ztg., 1800, p. 880. (Compare grayimetric and volumetric assays 
ofCu, Fe, Zn, Bb.) 

* Berzelins, Anwendung des Lothrobrs, Nftrnberg, 1828. Soberer, Loth- 
robrbucb, Brannscbweig, 1857. Bimbaum, Ldtbrobrbucb, Braunschweig, 
1872. Simmler, Lothrobrchemie, ZQrich, 1878. Hirscbwald, Ldthrohrta- 
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I. Heohanloal Hanlpulations. 

2. SAMPLING. 

It is absolutely necessary that the small quantity of 
sample with which the assay is made, should represent 
the average composition of the ore-heap, etc., from which 
it is taken. The manner of taking samples varies accord- 
ing to the character of the substances to be assayed, viz. : — 

A. Nanrallot/s (ores, matt, speiss, slag, etc.). 

1. Svhatances in fragments^ either homogeneous or 
heterogeneous in composition. 

a. Homogeneous fragments^ many iron ores, lead and 
copper ores, etc. 

a. Samples from the heap} — Pieces are taken at ran- 
dom (it is best to do so with bandaged eyes) with the 
hand or a shovel, from different places on the circumfe- 
rence of the heap, and also from the interior, after the 
upper layer which has been dried by the atmosphere 
has been removed. The collected lumps (about 100 
kilogrammes, 220.54 lbs. ; in Freiberg, for certain ores, 
one-tenth of the heap) are comminuted to pieces of the 
size of a bean, either by means of rollers or stamps, or 
with a sledge-hammer. A square or conical heap is then 
formed of the pieces, and this is divided into four parts. 
One of these is taken, the pieces forming it are still 
further comminuted, and then again formed into a heap, 
ivhich is divided as before. The comminution and reduc- 
tion are repeated several times, finally upon an iron plate 

bellen, Leipzig, 1S75. Landauer, Ldthrohranalyse, Braunschweig, 1876. 
Kerl, Lothrobrprobirkunst, Clansthal, 1877. Landauer, systematischer 
Gang der Lothrohranalyse, Wiesbaden, 1878. Plattner-Richter, Probir- 
kunst mit dem Lothrohr, 4 Aufl., Leipzig, 1878. 
I B. n. h. Ztg., 1868. p. 26 ; 1873, p. 59. 



20 ASSAYING. 

provided with a rim (reducing-board), until at last from 
I to 1 kilogramme (1 to 2 lbs.) of the sample remains, in 
such comminuted form that it wiU pass through a sieve 
having 30 by 30 meshes to the square centimeter (about 
75 meshes to the inch). 

^. Samples taken while the ore^ etc., is being weighed. 
— ^Pieces are taken at random from every lot weighed, and 
the collected pieces comminuted and reduced according 
to paragraph a (Upper Harz copper pyrites). 

y. Samples by rasping, — Fuels, etc., which cannot be 
pidverized are comminuted by a rasp, and a reduced sam- 
ple made from this. 

J. Slag samples. — A piece of slag is taken every time 
the slag is tapped or run off, or a piece is broken off from 
every cone formed. The pieces of one charge are commi- 
nuted and reduced in the manner above stated. 

b. Heterogeneous fragments. — (Gold and silver ores, 
many copper ores, coal with slate and pyrites, etc.) 

a. Sampling by the crossing method.^ — When the grains 
are too dissimilar and too coarse, the entire heap is broken 
up. The broken fragments (as lai^e as a walnut for less 
valuable ores, and about the size of a hazelnut or bean 
for the more valuable) are passed through screens or 
cylindrical sieves. An oblong or square heap, 30 to 40 
centimeters (about 12 to 15 inches) high is then formed. 
Ditches about 20 to 30 centimeters (about 8 to 12 inches) 
wide, and crossing each other, are dug out with a shovel, 
and the samples are then taken by digging them out 
from the top down to the bottom of the squares, which 
remain standing between the ditches. These samples are 
comminuted to the size of miUet-seed, thoroughly mixed, 
and formed into a new rectangular heap, which is again 

1 Prenss. ZUchr. zTii. 187 (Mansfeld) ; xviii'. 833, 224 (Swansea). 
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crossed, and samples taken from it in the manner stated. 
This operation is repeated, finally by using the spoon, 
until the samples are reduced to a powder. (Method in 
the great ore markets of Swansea and Liverpool, for 
American silver ores in the Upper Harz and in Freiberg, 
etc.) 

/?. Sampling by dropping the ore} (Sturzprobe.) — The 
ore is dropped through a funnel standing over a pyramid 
of sheet iron, which is divided into four divisions by par- 
titions projecting over the edge, into which the ore is 
distributed. The ore from one of the divisions is com- 
minuted and dropped through a funnel into a similar 
but smaller pyramid. This operation is repeated, smaller 
pyramids being used every time, until a sufficiently re- 
duced sample has been obtained (method in Chili and 
Colorado). 

2. Small ore and pulverized svhstancea. 

a. Sampling while weighing. — ^The small ore must be 
carefully mixed, and, in case it should be rich, it is best 
to have it in such a condition that not over 15 per cent, of 
coarse material will remain behind in passing it through 
a sieve having 10 meshes to the square centimeter (25 
meshes to the inch), but, otherwise, it may be coarser. 
It is generally weighed in quantities of 50 to 100 kilo- 
grammes (say 100 to 200 lbs.). Three spoonfuls are 
taken from different places of every lot weighed, and 
placed in wooden troughs standing near the scale. All 
the samples taken from one lot are mixed together and a 
heap is formed from them. This is reduced by quarter- 
ing, or by the crossing method.* 

> PreoM. Ztschr. xxiv. 40. B. u. h. Ztg. 1872, p. 282 (Chili). Ann. d. 
Mines, 1878, XIII. 606 (Colorado). 
< Kerl, Oberharzer Hftttenprocesse, 1860, p. 195. 
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Samples of goldsmiths' »weeping» (scrapings, fragments of crucibles, 
rags, etc.) are taken by incinerating the entire mass in order to de- 
stroy organic matter. The mass is then comminuted by stamping or 
trituration, and passing it through a sieve having meshes the size of a 
grain of sand (less than 1 millimeter, 0.039 inch). The iron in the 
coarse mass remaining in the sieve is extracted by using a magnet, 
and the residue fused with soda and borax, cast into a bar, weighed, 
and sampled by chipping from top and bottom. The portion that has 
passed through the sieve, freed from iron with the magnet, is then 
weighed) sampled from every weighing, then united* quartered, and 
triturated until everything passes through a very fine sieve. It is 
then assayed, and the yield of metal obtained from both coarse and 
fine material is calculated. 

6. Sampling before weighing. — This is done by passing 
with a hollow sheet-iron cylinder in several places through 
the heap down to the bottom. The lower end of the 
cylinder is provided with a valve which when closed re- 
tains the charge, and vrith a handle. The samples are 
then mixed and reduced as above described (Freiberg). 

In some of the German smelting works, the ore,^ when 
it is bought, is weighed 

to within 10 lbs. (5 kilog.; 11 lbs.) when it contains up to 0.5 per cent. Ag, 

or 0.01 per cent. Au. 
'' 1 lb. when it contains over 0.5-5 per cent. Ag, or 0.0105-0.1 

per cent. Au. 
** 0.1 lb. when it contains over 5-50 per cent. Ag, or 0.1005-1 

per cent. Au. 
** 0.03 lb. if it contains more. 
*' 10 lbs. if the ores contain no gold or silver. 

3. Substances in a state of fusion. — ^An average sample 
may be obtained in the following manner: A dry tapping- 
bar, previously heated, is held in the fluid mass (slag, 

> Bezahlungstarife fUr den Einkauf von fremden Erzen u. Oekratzen auf 
den fiscaliachen Huttenwerken bei Freiberg. Clansthal, 1870. Oestr. 
Ztschr. 1869, No. 44. Engl. Standard f. Zinnerze, B. u. b. Ztg. 1863, p. 
261 ; f Kupfererze, 1862, p. 316. Spanische Tarife, B. u. h. Ztg. 1868, p. 
26. Tarnowitzer Erztaze in Prenss. Ztschr. xiv. 217. 
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etc.). When the bar has become cold, the adhering mass 
is broken off, comminuted, and then mixed and reduced. 
In this operation, however, the iron must not decompose 
the fused material (a possible separation of lead may 
occur, for example, from lead matt and lead speiss). 

B. Alloys. — These are homogeneous when in a fluid 
state, especially after they have been stirred. But when 
solidified, they show a different composition in different 
places (edge, centre, top, bottom).^ In sampling, this 
must be taken into consideration. 

1. Sampling by cutting. — The sample (2.5 grammes 
(38.59 grains) from every ingot of silver, 1.5 grammes 
(23.15 grains) from those of gold) is cut from the upper 
and lower sides on opposite ends of the ingot by means 
of a hollow chisel and hammer. (In England and the 
United States, the opposite edges are chipped off.) The 
samples are hammered or rolled out, the resulting sheets 
cut into shreds, and each sample is assayed by itself (0,5 
to 1 gramme, 7.71 to 15.43 grains, of each is weighed off 
for the purpose).' The yield is calculated, and either the 
average is given (gold assays), or the lowest yield (some- 
times in silver assays). This method is best adapted for 
alloys of tolerably uniform composition, but is also em- 
ployed for those showing a considerable difference in the 
lower and upper sampling. • 

For instance, the lower sample from refined Upper Harz silver is 
from ^-^xfjs to tvVv richer ^^^ ^^^ upper, the percentage of gold in- 
creasing towards the bottoip. The centre, as a rule, contains more 
silver than the edge. In the ^^Jive-mark piece*' the centre is y^/^w richer 
than the edge, and the same is the case with the *< thaler" as thej are 
stamped from a bar poorer on the edge than in the centre. For this 

> Eerl, Gmndr. d. allgemeinen HQttenkunde, 2 Anfl., 1870, p. 15. 
Dingier, cciii. 106 ; cczv. 481. Ber. d. deutsch. chem. Ges. 1874, p. 1548, 
B. n. h. Ztg. 1874, p. 68 ; 1875, p. 251. 
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reason, when taking samples from such coins, it is best to cut out a 
quadrant, cut off the corners, and assay them. In this waj the assay 
samples represent the composition of both periphery and centre of the 
bar from which the coins have been stamped. Fewer differences 
occur in gold than in silver coins. 

2. Sampling by boring? — This is done by boring 
through the edge and centre of the ingot. By this means 
a sample is obtained from the centre of the ingot, which 
is not the case in chipping a sample, but the ingot is 
made unsightly. It is very difficult to mix the borings 
uniformly, and it is therefore better to fuse them under a 
covering of charcoal powder. It is best to use a mechani- 
cal contrivance for boring through thick pieces. This 
consists of a lever weighted at one end, and a drill, ope- 
rated by the hand in the centre. 

3. Sampling by dipping, — This is obtained in the same 
manner as mentioned on p. 22, for instance, from refined 
copper. Another method of taking samples is, by dip- 
ping the curved, bright end of a pair of pincers, or of 
an iron rod, into the metal bath. When the pincers or 
iron rod has become cold, the crust adhering to the end 
is broken off. A sample is generally taken from the 
surface of silver while it is being refined, and one from 
the under side of the congealed refined silver. 

4. Sampling by granulation. — This sample indicates 
in the most reliable manner the average value of the 
metal. It is obtained in the following manner : the bars 
of precious alloys are smelted in a black-lead crucible. 
The mass, while in fusion, is stirred with a rod of iron or 
clay, and a sample is scooped up with a small ladle from 
the bottom of the crucible. It is then poured in a thin 
stream into a copper vessel filled with warm water, to 

• 

I Mitchell, Prac. Assaying, 1868, p. 565. 
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which a gentle rotary motion is given by means of a 
broom ; or the sample is directly poured through a birch 
broom. The resulting granulated metal is then carefully 
dried. Alloys of base metal (as granulated lead^) are 
iiised under coal-dust and then directly poured upon an 
iron plate. 

The following samples are taken for producing coins : ingot sample 
from the metals to be alloyed ; granulated or crucible sample from the 
fused alloys ; stock sample from sectors of the finished coins ; and a 
sample from defective coins which have been thrown out and fused, 
together, for instance inside of four weeks. 

3. PREPARATION OF THE SAMPLE. 

Alloys are prepared by rolling out and cutting up the 
resulting sheets ; or the granulated metal is used without 
further preparation. The following operations may be 
required for non-alloys. 

1. Determination of moisture. — The sample is divided, 
by weighing with reduced weights, into as many centners 
or kilogrammes as are actually contained in the lot (for 
instance, in Freiberg, 1 centner weight ^75 grammes or 
1157.87 grains). The weighed portion is heated in an 
iron or copper pan or directly in the removable scale-pan 
of the balance, by holding it over a heated stove or a bra- 
zier of charcoal, and constantly stirring it until a cold 
plate of glass or slate, when held over it, shows no depo- 
sition of moisture, and two successive weighings agree. 
The heating'should be carefully conducted, so that, with 
sulphur compounds for example, no odor of sulphurous 
^cid shall be developed, and, with organic substances, no 
carbonization shall take place (this may be guarded 

« 

< B. u. h. Ztg., 1869, p. 278 (Brizlegg). 
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Fig. 1. 



against by holding a piece of paper in the mass). Water- 
baths are used for drying the sample at 100° C. (212° F.). 

These are copper boxes, with double 
walls, the intermediate space (Fig. 1) 
containing water; or, they consist of 
hemispherical copper or enamelled iron 
vessels, placed one within the other, 
leaving an intermediate space for water ; 
or of two cylinders, one placed within the 
other {Scheihler*^ steam apparatus). Where a determi- 
nate temperature, high or moderate, is required, it is best 
to use FreseniuB^ drying disk of cast iron, which is heated 
from below (Fig. 2). It is 25 centimeters (9.84 inches) 




Fig. 3. 




c 



e 



tl 




in diameter, and 4 centimeters (1.57 inches) thick; b is 
the handle, 36 centimeters (14. IT inches) high ; c are 
small brass dishes with numbered handles fitting into 
suitable recesses ; rf, a case filled with copper-filings for 



1 Dingier, ccxxiii. 312. Muapratt's Chemie, y. 1685. 
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the reception of the thermometer e. Besides these, air^ 
haths^ commonly called thermostats, are also used. 

2. Pulverizing the desiccated mass. — This should be 
done carefully, to avoid loss of dust, either in a covered 
mortar, or on a flat disk of cast iron. 

3. Sifting. — ^Brass wire sieves are generally used in 
preference to hair sieves. For less valuable ores the 
sieves have from 14 to 20 meshes to the square centi- 
meter (about 35-50 to the inch), and more valuable ores 
from 28 to 32 meshes to the square centimeter (from 
70-80 to the inch). Brittle substances will pass through 
the sieves without difficulty, but those with malleable 
admixtures will leave a flattened residue in the sieve ; as, 
for example, ores carrying native silver and copper, silver 
glance, granules of lead in slag and thin matt, sweepings 
containing gold and silver (p. 22), etc. In case hard 
gangue (quartz) is to be sifted, the fine mass which has 
passed through the sieve is several times rubbed together 
with the coarse residue remaining upon the sieve, until 
everything has passed through it. The residue of soft 
gangue is weighed and at once assayed by itself, and the 
fine sittings separately also, after they have been mixed 
upon glazed paper and passed several times through a 
coarse sieve. The entire yield is then calculated by add- 
ing the product of both together. The material ready for 
assaying is packed in wooden boxes, glass bottles, or small 
linen bags. Dishes of ordinary potter's clay (Mehlscher- 
ben) may serve for the reception of the stamped ore and 
lots of samples while they are weighed out for assaying ; 
they have an outer diameter of from 80 to 100 milli- 
meters (3.14 to 3.93 inches) on the bottom, 100 to 200 

' Bonsen^s Luftbad mit Temperaturregulator in EerPs Grundr. der 
SiaenprobirkuDSt, 1S75, p. 8. RauUn's Warmeregulator in Dingier, ccxxvii. 
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millimeters (3.93 to 7.87 inches) on the top, and are from 
40 to 45 millimeters (1.57 to 1.77 inches) high (Hungary). 
4. Washing. — This is done to separate specifically 
heavier substances from lighter ones (roasted tin ore, gold 
gravel, etc.), or to obtain a uniform grain (smalt assays). 
The mass, comminuted as fine as possible, is placed in a 
beaker glass and water poured upon it. It is then thor- 
oughly stirred up, when it is allowed to settle, and the 
turbid liquid poured off; or it is washed in Schulze's 
washing apparatus (Fig. 3) by allowing water to flow from 



Fig. 3. 




B 




a Mariotte^a bottle, ^i, through rf, upon the mass con- 
tained in the glass 1 ; the different sizes of grain will 
settle in the glasses 2 and 3, the finest grains in the 
beaker-glass B. Another mode of washing the sub- 
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stances is by using a wooden vanning trough (Figs. 4 and 
5), from 420 to 470 millimeters (16.53 to 18.47 inches) 
long, 160 to 210 millimeters (6.29 to 8.26 inches) wide, 

Fig. 4 Fig. 5. 





and 35 to 40 millimeters (1.37 to 1.57 inches) deep ; or 
they are washed upon a shovel 400 millimeters (15.74 
inches) long, and of the same width (Cornish test of tin 
ore). The washed mass should be occasionally examined 
with a magnifying glass or blowpipe as to its physical 
characteristics (for instance, silver ore for the presence ot 
metallic sulphides, antimony and arsenic in order to 
regulate the addition of lead before smelting). 

4. WEIGHING AND MEASURING. 

Before every weighing, the balance must be tested 
as to its equilibrium. The substance to be weighed 
should be cold, and must not be placed directly upon the 
scale-pan, but upon suitable smaller pans, watch-glasses, 
etc.; hygroscopic substances in closed tubes. The bal- 
ance beam should be raised from the knife edge every 
time before a weight is put into or removed from the pan. 
The weights must not be put in the pan at random, but 
systematically, as this is the only way of saving time. 
The highest probable weight should be added first, then 
the next lowest, and so on until the equilibrium has been 
estabUshed. The pans should then be changed in order 
to test the correctness of the weight. Perfect equilibrium 
of the balance is, however, not absolutely essential, as a 
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correct weighing may be obtained by placing the sub- 
stance to be weighed in one pan, and in the other pan, 
any convenient material as a make-weight, such as tinfoil, 
shot, granules of lead, etc., until equilibrium is estab- 
lished. The balance is then raised, the weighed sub- 
stance is removed from the pan, and sufficient weights to 
counterpoise the balance are put in its place. The sum 
of these weights will give the correct weight of the 
sample. 

1. Weighing: a, A pulverulent sample. — ^Thedriedsam- 
ple is poured upon glazed paper and spread out in spirals 
with the spatula. It is then drawn together towards 
the centre by radial bands. Some of it is now taken 
with the spatula from the bottom to the top of the heap, 
the weights are placed upon the left pan of the balance, 
and the sample is continuously poured into a counter- 
poised saucer or watch-glass placed upon the other pan, 
by gently tapping on the handle of the spoon, until equi- 
librium has been established. In case too much has been 
poured in, some of it is removed, but the balance, while 
this is done, must be arrested. Large quantities are 
weighed upon a watch-crystal counterpoised by granules 
of lead or shot. Hygroscopic substances are conveniently 
weighed by filling a stoppered glass tube^ 12 to 14 centi- 
meters (4.72 to 6.61 inches) long, and 8 to 10 millimeters 
(0.31 to 0.39 inch) wide, with them, noting the weight, and, 
after pouring out the requisite amount of sample, again 
weighing the tube ; the difference between the two weigh- 
ings will give the weight of the quantity abstracted. 

b. Alloys. — They are converted either into granulated 
form or into small strips or splinters. These are collected 
in a glass or copper saucer and placed by means of the 
forceps in the right pan of the balance while the weights 
are placed in the left. 
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c. Fluxes, — In weighing these, very great accuracy is 
not of so much importance. They are placed either di- 
rectly upon the pan of the balance, provided it is not 
attacked by them, or otherwise upon a tared watch-crystal. 

2. Weighing the hviUm. — The button is taken hold of 
with the forceps and placed upon the left pan of the bal- 
ance, and the weights are then put upon the right ; but, 
as has been stated, the balance must always be arrested 
before the weights are put on or removed. 

3. Measuring of fluxes, — Granulated lead (test lead) 
free from silver is measured with large, gauged, iron 
spoons numbered on the handles, or with a glass tube, 
one end of which is closed with a stopper, while in the 
other is a wooden cylinder provided with a scale. 

5. MANNER OF CHARGING THE SAMPLE. 

The sample is poured either directly into the crucible 
without any fluxes (as in roasting), or the fluxes are added 
in such a manner that — 

1. The sample lies on the bottom of the crucible, and 
the fluxes are placed upon it in consecutive order with- 
out stirring the mass up. When this is done, the mass 
will not puff* up as easily when it is heated (charges with 
carbonaceous mixtures, for instance, assay of lead with 
carbonate of potassa, flour and iron). 

2. The sample is added to the fluxes already in the 
crucible, in cases where the pufiing up of the charge on 
heating is not feared, and is intimately mixed together 
(for instance, assay of lead with potassium carbonate). 

3. The sample is mixed with the fluxes before it is 
placed in the crucible. The mixing is done in a mixing- 
scoop of copper (Fig. 6) by means of a spatula. The 
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scoop is about 140 millimeters (5.51 inches) long and 40 
millimeters (1.57 inches) wide. 

F]g. 6. Fig. 6a. 





The mixture is poured into the crucible through the 
spout of the scoop, about 20 millimeters (0.78 inch wide), 
a brush being used to brush out the last traces of the 
mixture ; or, in case a very vigorous chemical reaction is 
desired, the sample and fluxes are first intimately rubbed 
together in a mortar of stone (porcelain, serpentine, 
agate), or of metal (steel, cast iron, brass). Open mixing- 
scoops of copper provided with a handle (Fig. 6a) are 
used for mixing the charge, or for receiving, in consecutive 
order, the substances constituting it, or for pouring them 
into the glowing crucible standing in the heated furnace 
(assays of lead, English assay of copper). 

n. Chemioal Operations. 

6. CLASSIFICATION. 

These operations are divided into those by the dry and 
those by the wet method^ and are either preliminary 
(roasting, etc.), or capital operations (smelting, etc.). 

7. WORKING BY THE DRY METHOD. 

These operations are carried on, either below the 
fusing point {ignition^ carbonizing^ calcining^ roasting)^ 
with or without admittance of air ; or at a fusing heat 
(smelting) ; or volatile substances are to be expelled by 
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heat and their vapors condensed to the liquid state (dis* 
tillatmi\ or to the solid state {sublimation). 

1. Ignition^ carbonizing^ calcining.^ — Heating without 
fusing — 

a. In a neviral aimosphere^ to drive out volatile sub- 
stances (for instance, water and carbonic acid from iron 
ores), or to change their molecular condition (for instance, 
annealing gold and silver alloys before rolling them out, 
etc.). 

6. With exclusion of air in covered pots or crucibles, to 
decompose metallic sulphides and arsenides (iron and 
arsenical pyrites in the dry assay of blende), to effect re- 
duction (ignition of tin ore with charcoal), or to arsenize 
or dearsenize the substances (assay of nickel and cobalt). 

c. With admission of air in roasting dishes (determin- 
ation of ash in fuel, combustion of bitumen in copper 
schist and black-band iron ore, oxidation of cement 
copper, etc.). 

d. With reagents for decomposing substances insoluble 
in acids (for instance, silicates with four times their weight 
of a mixture of 13 parts of potassium carbonate and 
10 parts of anhydrous sodium carbonate in a platinum 
crucible). 

2. Roasting. — Metallic sulphides, arsenides, and anti- 
tnonides are heated in presence of air to a temperature 
insufficient for fusion, but which permits of their oxida- 
tion ; metallic oxides are, therefore, produced, while sul- 
phurous, arsenious, and (sometimes) antimonious acids 
are volatilized. 

The process is as follows : The powdered sample is 
spread out in a shallow, smooth roasting dish. This is 

* Gulampen in Dingier, ccxziy. 617 ; ccxxy. S8 (Mflncke). Fresenlus' 

Ztschr. 1879, p. d57 (Ebell). Bnnsenbrenner yon Glas in Dingier, ccxzyiL 

85,898, 

3 
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about 50 to 52 millimeters (1.96 to 2.04 inches) wide in 
the clear, and 8 to 10 millimeters (0.3*1 -to 0.39 inch) 
deep, made of not too refractory clay, and has rather thin 
sides. It is lined with reddle, chalk, or oxide of iron, 

and, if necessary, in order to increase 
'^' the surface, the lined sides are marked 

with a spatula in such a manner that 
radial furrows, running from the 
centre towards the edges, are formed. It is then placed 
in the muffle of a muffle-furnace (Fig. 25) and heated at 
a gfiadually increasing temperature imtil it glows; the 
heating must be the more gradual the more fusible the 
sample. ( Antimonial and arsenical metals are more easily 
fused than metallic sulphides, antimony glance, lead sul- 
phate, and " fahlerz" containing mercury). The mouth 
of the muffle is left open, with the exception of a low- 
layer of pieces of wood charcoal touching each other, and 
continued in a forward direction. These pieces in a glow- 
ing state heat the oxidizing air current. The roasting 
dish must occasionally be turned around during the ope- 
ration. It is taken from the muffle when the mass has 
ceased to bum, and oxidation is complete. This is indi- 
cated by the heated mass ceasing to fume and no longer 
emitting odors of sulphurous or arsenious acid, and by 
the metallic lustre having been replaced by an earthy 
appearance. If this should not be the case, the roasting 
dish must be placed back into the muffle until these signs 
make their appearance. The now roasted sample may 
be somewhat sintered together. It is then rubbed with 
the iron knob, 6, of a wooden-handled spatula, after 
being loosened from the edges of the roasting dish with 
the knife's edge, a, of the rod. This tool (Fig. 8) is about 
195 millimeters (7.67 inches) long, and consists of the 
iron head J, about 16 millimeters (0.63 inch) diam., and 
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the steel knife-blade a, set in a wooden handle. The 
roasting is repeated once or several times, but the mass 
must be rubbed up previous to each roasting. 
It is then mixed with 1 or 2 volumes of pow- *^' " 
dered wood charcoal, or 20 to 25 per cent, of 
graphite, and the roasting dish with its contents 
is again placed in the muffle and brought to a 
glow. By this process the sulphates, antimoni- 
ates, and arseniates formed during the oxidizing 
period are reduced to metallic sulphides, antimo- 
nides, and arsenides, while the volatile products of oxida- 
tion escape {reducing roasting). These compounds when 
all the carbon has been consumed (which may be readily 
recognized by the manner of glowing) will be again con- 
verted into oxides ; sulphurous, arsenious, and antimonious 
acids being evolved in the operation. But new sulphates, 
antimoniates, and arseniates will constantly be formed, 
and these, if the sample is to be roasted as completely as 
possible (for instance, copper ores, but lead ores in a less 
degree), can only be removed by repeating the rubbing 
up of the assay sample twice or three times, mixing it 
with charcoal powder, and glowing until the coal is com' 
pletely consumed, although even after this small quanti- 
ties of sulphates will nevertheless remain. When the 
roasted sample has become sufficiently cold, it is placed in 
an iron mortar and mixed with 20 to 50 per cent, of am- 
monium carbonate. A small conical heap of the mix- 
ture is formed in the roasting dish, this is covered with 
an empty roasting dish and quickly ignited until the odor 
of ammonia can no longer be detected. When this is 
the case, the last traces of sulphuric acid in the roasted 
sample will have been volatilized in the form of ammo- 
nium sulphate. (Lead and bismuth sulphates are only 
incompletely decomposed by ammonium carbonate.) The 
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roasting dish is now taken from the muffle and allowed 
to cool off. The sample is then placed in a mortar and 
ruhbed up. 

Modifications. — When the ores are refractory (for in- 
stance, copper pyrites), powdered charcoal or graphite is 
added to the sample before roasting, in order to shorten 
the time required for. the operation. Very fusible sub- 
stances which evolve vapors (such as "/aAZerz" contain- 
ing mercury) must be heated very gradually. To dimin- 
ish the loss of metal (for instance, of silver and gold) the 
temperature must not be raised higher than is absolutely 
necessary. The loss from this cause is greatest with ores 
containing antimony, arsenic, zinc, etc. 

3. Fusion. — ^The sample is brought into a liquid state, 
either by itself, or with fluxes. During this process the 
resulting products (metal button or regulus, speiss, matt, 
slags) arrange themselves in layers according to their spe- 
cific gravities, and are separated from each other, either by 
breaking to pieces the clay assay-vessels in which they 
have been fused, after they have become cold, or they are 
poured out while still in a fluid state, into iron or bronze 
moulds, where the separation then takes place. Some- 
times the fluid, oxidized substances are absorbed by the 
porous sides of the assay-vessel, leaving the metal button 
behind (cupellation of lead, and refining copper on the 
cupel). The following distinctions are made according 
to the object of the fusion : — 

a. Oxidizing fusion. — ^In this process the following 
may serve as oxidizing agents : the oxygen of the air, de- 
manding open vessels for the operation (cupels, calcining 
and roasting dishes), which must be heated in the muffle- 
furnace (for instance, cupellation of lead, refining copper, 
assay of cobalt and nickel) ; or fluxes yielding oxygen, 
and then open or covered assay- vessels (pots, crucibles), 
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and muffle, wind, and blast furnaces may be used (salt- 
petre in the Cornish assay of copper and in the assay oi 
chi;pmium, lead oxide in the assays of fuel, silver and 
gold); or both at the same time (refining of black copper). 
The resulting oxides are more frequently slagged off by 
themselves or by solvent agents added as a flux (borax, 
glass, etc.), than absorbed by the porous vessel used for 
fusing (cupels). 

6. Reducing fusion. — This operation is seldom execu- 
ted by itself with reducing agents (coal, flour, colophony, 
potassium cyanide), but generally in connection with 
fluxes (potassium or sodium carbonate), in order to allow 
of a better collection of the particles of metal (as from 
litharge, white-lead ore) ; or in connection with reducing, 
fluxing, and solvent agents (borax, glass, phosphorus 
salt). A definite low temperature must then be used to 
reduce one metallic oxide, while the metallic oxides 
more difficultly reducible, are slagged off with the earths 
which may be present (assays of fead, copper, and tin 
ores). Muffle, wind, and blast furnaces are used. The 
vessels used for this process (crucibles, pots) should be 
roomy, as the mass puffs up. This is caused by the for- 
mation of carbonic oxide which ignites above the vessels. 
This phenomenon is called "^ammgr," the end of the 
operation being generally indicated by its cessation. 

c. Purifying fusion. — This is more frequently used in 
connection with oxidizing fusion (p. 36) and reducing 
fusion (p. 37) than by itself (assay of smalt, assay of 
thin matt). 

d. Precipitating fusion. — By this process metallic sul- 
phides (in assays of lead, bismuth, and antimony) or arsen- 
ical metals (in the assay of lead ores and nickel and cobalt 
ores containing bismuth) are decomposed by iron. The 
desulphuration of the metals is promoted by suitable fluxes 
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(potassium or sodium carbonate, black flux), or the slag- 
ging off of earthy and other admixtures is effected (borax, 
glass, alkalies). ^ 

e. Mixing fadon^ to prepare alloys by fusing different 
metals together (gold and silver in quartation). 

/. Remelting, in order to produce the sample in another 
form (as, for instance, by granulation, p. 24). 

g. Liquating fusion {liquation). — Liquation of easily 
fusible substances from more refractory substances (assay 
of antimony glance). 

4. St(hKmation and distillation. — ^The sample is placed, 
either by itself or with fluxes, in crucibles, tubes, or re- 
torts, and heated until the substances volatilize, and the 
vapors are then condensed as sublimates (flaky arsenic, 
flowers of sulphur, realgar), or as distillates (mercury, 
zinc) in suitable condensers. 

8. OPERATIONS BY THE WET METHOD. 

These may be — 

1. Assays by gravimetric analysis.^ 

a. The sample is dissolved in acids, in a porcelain 
dish covered with a watch-crystal. Or a 

^** ^' bellied flask is used for the purpose (Fig. 9). 
This either stands upright and is provided 
with a funnel, or is placed in a slanting posi- 
tion to prevent the liquid, in case it effer- 
vesces, from being thrown out of the mouth 
of the flask. The vessel may be heated on 

I Rammelsberg, quant, Analyse, Berlin, 1868. WObler, Mineralahalyse, 
Gotlingen, 1861. Bonnenschein, quant. Analyse, Berlin, 1864. Rose- 
Finkener, Mineralchemie, Leipzig, 1865. Fresenius* quant. Analyse, 6 
Aufl. 1871. Classen, quant. Analyse, Stuttgart, 1857. MenschutkiU) 
analyt. Ghemie, Leipzig, 1878. Bolley, techn.-chem. Unters., Leipzig, 
1879. MuBpratt*8 techn. Chemie, S Aufl. 
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a sand-bath, or upon a wire gauze over a lamp, until the 
solution is complete, or a residue showing no trace of ore, 
etc. remains. 

The following method is used for metallic sulphides, which, when they 
are dissolved with acids, separate sulphur which incloses some of the 
ore. The solution is evaporated to dryness in a porcelain evaporating 
dish. The dry mass is heated over a lamp until the sulphur is 
burned. The residue is digested with a small quantity of acid, water 
is added to this, and the fluid then partly filtered ; but in doing this 
great care must be observed. The residue is again treated with acid, 
evaporated to dryness, the sulphur burned, etc. If it is necessary to 
exclude the air, the apparatus represented in Fig. 10 is used. It 



Pig. 10. 



Fig. 11. 





consists of a flask, a, with a rubber cork, &, and provided with a rubber 
tube, c dy having a slit at/, and closed at e by a small glass rod. 

6. Evaporation of the solution in a glass flask (Swed- 
ish assay of copper, assay of lead sulphate), or in a 
covered porcelain dish by heating it in the sand-bath, 
over a lamp, or on the water-bath. 
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c. Precipitation of the filtered or unfiltered solution ; or 
where a mass evaporated to dryness is to be treated, it 
is moistened with a little acid, allowed to stand for a few 
minutes, and then boiled with the addition of a small 
quantity of water. It is then filtered, etc. 

Kipp's apparatus (Fig 11) is well adapted for precipitation with 
sulphuretted hydrogen. 

C, a glass bulb, receives the diluted sulphuric acid from the funnel 
tube e ; the acid enters the glass bulb A through the tube h. It rises 
in this and comes in contact with ferrous sulphide or calcium mono- 
sulphide contained in the bulb B^ and the gas generated escapes 
by the tubulure c through the lateral tube controlled by the cock d; 
the tubulure c also serves for filling the bulb with ferrous sulphide ; 
a is the tubulure for emptying A. 

Debray's apparatus (Fig. 12) is arranged in the following manner: 
A is the vessel for the diluted sulphuric acid, provided with a safety 
tube and a rubber tube a. J9 is a vessel containing a layer of glass 



Fig. 12. 




splinters, piled up so high that the ferrous sulphide, lying upon it, is 
above the opening o. (f is a glass tube provided with a clip (compres- 
sion stop-cock) e; Cis a wash-bottle,/ the pipe for conducting away 
the gas. . By opening the cock e the acid flows from A into By and 
sulphuretted hydrogen is disengaged. By closing the cock the fluid is 



OPERATIONS BY THE WET METHOD. 



41 



forced back from B into A ; the pressure of the gas may be increased 
bj placing A higher up. Instead of sulphuretted hydrogen, sodium 
hyposulphite may be used as a precipitating agent. 

d. Filtration. — ^A funnel, the sides of which have a slope 
of 60^, is generally used for this process; a filter of paper 
is folded into it, and, if necessary, covered with a watch- 
glass. If the filtration is to be done quickly, the filter is 
connected with an air-pnmp,* or compressed air is used.* 
Fig. 13 shows a filtering apparatus connected at a with 
a water air-pump. > The mouth of the flask is furnished 
with a rubber stopper perforated for the reception of the 



Fig. 18. 



Fig. 14. 





funnel. The dotted lines below this represent a perfo- 
rated test-tube, through which the liquid is drawn into 
the flask. The precipitate on the filter is washed^ by 
means of a wash-bottle (Fig. 14). 

€. Decantation. — When a precipitate thoroughly settles, 
the clear supernatant liquid may be poured offl The pre- 
cipitate is then repeatedly washed with water and decanted. 
To dry the precipitate, the contents of the flask (a glass 



* Fresenius, quant. Analyse, 1871, p. 97. Fresenius* Ztschr. f. analyt. 
Chem. it. 859 ; It. 46 ; 1875, p. 808. 

* Fresenius' Ztschr. ztI. 92. Dingier, ccxxt. 81^ 105. 

* Hansen's Auswaschen der Niederschlage in Fresenius' Ztschr. yiii. 174. 
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Figgis, vessel (Fig. 15) with straight sides), is washed 
into a crucible or evaporating dish, with as 
little wash-water as possible (precipitated copper 
and gold, tin stone purified by boiling with 
acid); or the precipitate is filtered off, and, if 
necessary, also the sediment remaining, after 
the water used for decanting has been poured off. 

/. Drying precipitates} — ^The filter,* without being 
taken from the funnel, is covered with paper, to protect 
it against dust, etc., and dried in an air-bath, or a water- 
bath. Or, it is removed from the funnel, folded up and 
dried first between blotting paper, and then in a covered 
roasting-dish, in the muffle-furnace (assay of lead with 
sulphuric acid). 

g. Igniting precipitates? — If the substance is not to 
be weighed upon the dried filter, it is highly heated with 
the filter in the roasting-dish after the lid has been re- 
moved. Or, the precipitate is carefully detached from the 
filter ; the latter is folded up, wrapped around with pla- 
tinum wire, and is then burned over a flame or directly 
upon the cover of a platinum crucible, or in a roasting- 
dish. The residue, together with the ashes of the filter, 
is placed on a roasting-dish and ignited in a muffle- 
furnace, or in a platinum or porcelain crucible over a 
Bunsen burner, an ordinary spirit-lamp (Fig. 16), or a 
blast-lamp. The latter is represented by Fig. 17. ssv& 
a partition separating the air-space t/, from the gas-space 
g ; e are five double-tube gas-burners, the inner tubes of 

> MQrrle, of Pforzheim, furnishes distilling apparatus and sand-bath 
very suitably combined, with steam and air drying closets (these are in use 
in the Berlin School of Mines). Bestimmungder Niederschlage ohne Filtri- 
ren, Auswaschen und Trocknen in Fresenius* Ztschr. 1877, 157 ; 1870, p. 14. 

> Filtrirpapiere in Fresenius' Ztschr. xvi. 59 ; zviii. 246, 260. 
s Fresenius' Ztschr. 1875, p. 828. 
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which reach into i/, while the outer tubes only reach to 
g ; a is the pipe for conducting illuminating gas ; b for 



Fig. 16. 



Fig. 17. 





the air-blast ; e the crucible. 
If necessary the crucible is 
allowed to become cold by 
placing it in the desiccator 
(Fig. 17a), in which are 
fragments of caustic alkali, 
calcium chloride, or sul- 
phuric acid (caustic soda 
attracts water with the 
greatest avidity, next follow 

caustic potassa and calcium chloride in the order named). 
In the figure, a is a smoothly ground glass plate, with 
which 6, a bell-glass, makes 
an air-tight joint; c, cup 
with concentrated sulphuric 
acid, and d, the dish or cruci- 
ble with the precipitate to 
be dried, resting upon it. 

2. Assays hy volumetric 
analyst^ (p. 17 ). — By this . 

* Schwarz, Maassanalyse, Braunschweig, 1858 und 1878. Schwertfeger, 
Matfltanalyse, Regensbarg, 1857. Orager, Maassanalyse, Weimar, 1866. 
^eitcher, Maassanalyse, Leipzig, 1867. Fleischer, Titrirmethode, Leipzig, 



Fig. 17a. 
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method, the quantity of a substance in solution is deter- 
mined from the volume of a solution of another body, 
which produces with the first a definite reaction, and the 
strength of which per unit of volume of its solution is 
known (called a standard solution or normal solution). 
The result is then found by calculation from the quantity 
of normal solution employed. The final reaction^ which 
can sometimes be recognized only by a change occurring 
in another substance, especially added to the fluid (indi- 
cator)^ may be known — 

a. In saturating a base or an acid with the normal 
solution (analysis by saturation), by a change of color^ or 
by decolorizaiion of a colored solution (assay of copper 
with potassium cyanide), or by an indicator such as Utmus, 
which is added for the purpose, as in the estimation of 
acids or alkaline carbonates. 

b. In precipitating the body to be determined, with a 
standard solution, when precipitation ceases (Gay Lus- 
sac's silver assay), or by some change m an added indicator 
(SchaflEher's zinc assay ; Pelouze's copper assay) ; and fre- 
quently also by the drop-t^t, that is, a drop of the assay 
fluid and of the indicating fluid are brought in contact upon 
a porcelain plate by means of a glass rod, or alongside of 
each other upon filtering paper, in such a manner that 
the edges of the drops run together, or by allowing a drop 
of the assay fluid to flow down over paper saturated with 
the indicating substance, etc. 

c. In oxidizing or reducing the substance to be deter- 
mined by means of standard solution without adding an 
indicator, the final reaction will be recognized by the ap- 
pearance or disappearance of certain colors (chameleon 

1S71. Rieth, Yolnmetrie, Bonn, 1871. Mohr, Titrirmethode, Braunsch- 
weig, 1874. Mnspratt^g Chemie, Tii. 167. 
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assay), or by adding an indicator (starch in the assay of 
copper, assays of mang^^nese, etc.)* 

The operations which may occur are as follows : — 

a. Solution^ that is to say, bringing the substaijice to 
be tested into a state of solution as in 1, a (p. 38). 

6. Preparation of the standard solution^ namely — 

a. By dissolving a weighed quantity of a chemically 
pure solid substance, and diluting the solution to a defi- 
nite volume, so that the chemical power of a unit of 
volume of the solution is known. These liquids are called 
normal solutions when as many grammes of the sub- 
stance have been dissolved and diluted to 1 liter (1.76 
pints) as are equal to the atomic weight of the substance, 
and dednormal solutions when a quantity of substance 
corresponding to ^l^^ of the atomic weight has been used 
for the solution. 

(i. By dissolving an unweighed quantity of the solid 
substance and making an empirical solution by diluting 
it in a corresponding manner, that is to 1 liter (1.76 
pint). The titer of this is determined by allowing it to 
act upon a measured volume of a solution containing a 
known quantity of the body to be determined, until the 
reaction takes place. The titer is then found from the 
volume of the empirical solution consumed. 

The standard (titer) of normal solutions subject to 
chemical alteration must be verified from time to time. 

c. Measuring and titration of the assay liquid. — For 
this are required — 

a. For measuring^ stoppei'ed measuring JlasJcs (Fig. 
18) divided up to a mark on the neck into 1, i, i liter 
(1.76, 0.88, 0.44 pmts) and into small divisions (200, 100 
cubic centimeters, etc., 12.2, 6.1, etc., cubic inches); a 
stoppered mixing cylinder (commonly called a test-mixer) 
(Fig. 19), having a capacity of from one to two liters (1.76 
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to 3.52 pints), also divided into cubic centimeters. By 
means of this, fluids can be measured off, diluted, and 
mixed in definite proportions. Pipettes {measuring- 



Fig. 18, 



Fig. 19. 
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pipettes) (Fig. 20), divided into whole and -^ cubic 
centimeters ; and whole pipettes^ capable of holding a 
certain number of cubic centimeters up to a mark. The 
latter are used for transferring a certain quantity ot 
assay fluid to a beaker glass, flask, etc. In doing this 
the lower end of the pipette is either held against 
the side of the vessel and the fluid allowed to run down 
on it, or it is held free. Siohmann^s siphaa^pipette is 
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Fig. 20. 



Fig. 21. 
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used for removing the clear supernatant liquid from pre- 
cipitates, or poisonous, bad-smelling liquids, etc. 
^3. For titrating. — Burettes^ for measuring the number 

* 8tender*8 glass manufacfbry in Lampspringe f^imishes graduated glass 
vesBels with graduation in red burned in witli enamel. Eonig's Yentilbu- 
'^te in Dingier, ccxTii. 184. Kleinert*B Chameleon.burette in Fresenius' 
2t8chr. 1878, p. 188. BQrettenst^itiye in Dingier, ccxxii. 465 ; cczziz. 866. 
f rcienius' Ztschr. 1877, p. 82, 228. 
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of cubic- centimeters ol 
standard solution which 
have been allowed to run 
into the assay fluid until 
the final reaction i8 
reached. For measuring 
assay and normal solutions, 
it is a very good plan to 
place two burettes in the 
same stand side by side. 
The burette represented 
by Fig. 22 (p. 47) is weU 
adapted for aU uses. It is 
provided with a glass cock 
a; bis a. glass t^p to protect 
the liquid from dust ; c d 
are openings in it for the 
admission of air. Mohr'a 
burette is the simplest form 
of the apparatus, and has 
the preference over all 
others for general purposes. 
It is, however, not to be 
recommended in cases 
where the rubber of the 
pinch-cock will be liable 
to act chemically on the 
liquid employed. (Fig. 23.) 
3.. Assays hy colorime" 
trie analysis. — This me- 
thod is based upon the 
principle that equal vol- 
umes of solutions of an 
equally intense color con- 
tain also equal quantities 
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of coloring matter. By comparing fluids of an equal 
intensity of color, and taking the volume into considera- 
tion, a conclusion is formed as to the percentage, of the 
coloring body which is contained m the one to be deter- 
mined. The same manipulations occur here as in assays 
by gravimetric analysis, namely, solution, precipitation, 
etc., and in addition comparison of the colored assay 
solution with standard colored solutions contained in 
tubes or tapering glasses of known cross-sections, meas- 
uring the solutions in calibrated cylinders, etc. 

III. Assay Furnaces. 

9. GENERAL REMARKS. 

The choice of an assay furnace will depend chiefly on 
the degree of heat to be obtained, and whether the sub- 
stances are to be oxidized or reduced, or only calcined, 
fused, sublimed, or distilled. Furnaces, accordingly, are 
dinded into muffle furnaces^ draught or wind furnaces^ 
lilast furnaces^ suhlimdtion furnaces^ and distillation fur* 
iwcea. In regard to their construction, they vary chiefly 
according to the fuel to be used (flaming or glowing fuel). 

10. MUFFLE-FURNACES.^ 

The principal part of this is the muffle (Fig. 2-4). It is 
usuaUy made of refractory clay, sometimes, though rarely, 
of iron. It is open in front, and closed at 
the rear ; and the semi-cylindrical body is ^*s- *^^ 
often provided along the sides with draft 
orifices, as shown. It is either connected 

' Engin. and Min. Journ. 1S78, No. 26, p. 448. SiUimaii, Double Muffle- 
Farnace, 1876, vol. xxii. No. 17. 
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with the bottom, or stands loose upon it. It serves for the 
reception of the assay charge, and is heated from the out- 
side by a glowing or flaming fire. These furnaces are 
absolutely necessary for oxidizing processes (calcining, 
cupellation, refining), but they are also adapted for opera- 
tions requiring only the production of a high temperature 
(glowing, reducing, and purifying fusion, etc.), that is to 
say, when only temperatures not exceeding the fusing 
point of gold and copper (about 1200° C, 2192'' F.) are 
required (they are, therefore, not available for assays ot 
cast iron). In the latter cases the fuel is not completely 
utilized, and besides, they are more difficult to attend than 
the wind and blast furnaces, where the crucibles, etc., are 
placed directly in the glowing fire, or come in direct con- 
tact with the flame. 

The furnaces are either hricked in (for instance, large 
muffle-furnaces for burning coal), or they are portable. 
In the latter case, the furnace for receiving the muffle is 
constructed of fire-clay which is sometimes surrounded 
with a casing of sheet iron (mint furnaces). The work 
connected with the muffle-furnace consists chiefly in heat- 
ing it, regulating the temperature (by reducing or urging 
the fire, regulating the admission of air, opening or clos- 
ing the mouth of the mufl3e, by removing or piling up 
fuel, etc.), in stirring the fire regularly (in doing this the 
fuel must be piled chiefly upon the front part of the grate 
and only a thin layer upon the back part), in ventilating 
the grate frequently, in repairing (that is, lining defective 
places in the walls of the furnace, filling in of cracks in 
the bottom of the muffle with fire-clay, or scraping the 
bottom an(l lining it by strewing it with powdered fire- 
clay, cupel ashes, chalk, pounded assay vessels, etc.), in- 
troducing and removing the assay vessels in the muffie, 
cleansing the furnace aftej: the work is finished by draw- 
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ing the glowing cinders from the grate and allowing the 
fire-door to remain open, etc. 




According to the kind of fuel \ised, we may divide 
them into — 
1. Furnaces for eolidy /ree-hurning, flamhig fuel. — 
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These are generally used with large muffles, and with 
such fuel the heat can be better regulated than in furnaces 
heated by a glowing fire, but they require more care in 
attending them. Stoking is done from the front {Piatt- 
ner^s furnace^), or from the back (Schemnitz, Pribram-). 
With the latter arrangement the operator, working in 
front of the furnace, is not exposed to the direct heat, but 
it also prevents him from giving immediate attention to 
the firing should the assay require it. 

Fig. 25 represents Plattner^i muffte-fumace for coal^ with the stoke- 
hole in front, a, muffle of fire-clay, 36.6 centimeters (14.4 inches) 
long, 17.6 centimeters (6.92 inches) high, and 34.2 centimeters (14.17 
inches) wide, with an ascending slope of 2.4 centimeters (0.93 inch). 
It rests upon the support b, and three legs c ; d is the vault. There 
is a space of 4.9 centimeters (1.92 inches) between it and the walls of 
the furnace, e, the chimney, 14.7 centimeters (5.73 inches) wide, and 
3 to 4 meters (9.84 to 13.12 feet) high. /, mouth of the muffle, 12 
centimeters (4.72 inches) wide, and 14.6 centimeters (5.74 inches) 
high, which can be closed by the fire-clay door g. Another door 
h is used for covering a slit sometimes provided over the muffle 
(for heating plates of metal, etc.), but it is usually omitted; t is the 
grate, 26.8 centimeters (10.55 inches) wide, and 51.4 centimeters 
(20.23 inches) long, 28.1 centimeters (11.06 inches) below the muffle ; 
k, the stoke-hole, 22 centimeters (8.66 inches) high, and 26.8 centi- 
meters (10.55 inches) wide ; /, fire-door; m, ash-pit, 76.8 centimeters 
(30.25 inches) long, and 26.8 centimeters (10.55 inches) wide; n, a 
channel, 22 centimeters (8.66 inches) wide, communicating with the 
open air for conducting air under the grate through the fiue o, p, 9.8 
centimeters (3.85 inches) wide, which is provided with a damper q ; 
r, ash-pit door, 26.8 centimeters (10.55 inches) wide, and 34.2 centi- 
meters (13.46 inches) high. 

Figs. 26 and 27 represent a muffle-furnace with the stoke-hole at 
the hack, a, muffle, resting upon the supports c and c' ; 6, mouth of 
the muffle ; rf, front wall ; c, grate ; /, fire-door ; f, fire-box ; g, re- 
fractory lining ; A, t, channel for conducting the external air beneath 

> Freiberger, Jahrb. 1842, p. 1. Ztschr. des Ver. deutsch. Ingen. 1877, 
Plate 1 2, Figs. 3 to 5. 
« Rittinger's Erfahr. 1857, p. 29. B. u. h. Ztg. 1876, p. 858 ; 1876, p. 61. 
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ihe grate ; t, damper ; I, ash-pit door ; /', ash-pit ; m, fire-space sur- 
rounding the mutHe ; m', chimney (it is better to place it nearer d), 
villi damper n, n', and lever o, for regulating the same ; p, brickwork 
of the chimney, with Hues r, for carrying off the fumes coming from the 
mouth of the mufUe ; q, hooping. 



Fig. 83. 




Pig. 27. 
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2. Charcoal and coke furnaces. — Coke as a general 
rule requires a grate under the muffle, and a strong 
draught. With charcoal this arrangement is not so essen- 
tial, though in order to secure a more uniform supply of 
air a grate is usually provided. The ashes from coke are 
more difficult to remove and attack the walls of the fur- 
nace more than wood ashes. Smaller furnaces of this 
liind are much used for assaying gold and silver ; and 
also larger ones, in which the heat can be better r^u- 
lated (the Schemnitz charcoal furnaces are of this con- 
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struction), and where the stoke-hole is in the rear, or the 
firing is done through two channels on the sides. 

Assay furnaces for charcoal. — Fig. 28 shows such a furnace, 
ft, muffle of fire-clay, 14 centimeters (5.51 inches) long, 7.5 centi- 
meters (2.95 inches) high, 9 centimeters (3.54 inches) wide, with walls 

8 millimeters (0.31 inch) thick, 
""^* *^* and resting upon two rails pass- 

ing through openings in the iron 
casing. The inside of the cas- 
ing is lined with fire-clay from 
15 to 20 millimeters (0.59 to 
0.79 inch) thick. In front of 
the muffle is a shelf of sheet iron 
resting upon the rails support- 
• ing the muffle ; c is the mouth of 
the furnace through which the 
|[^^) charcoal is fed, and the products 

of combustion escape into a hood 
or through a sheet-iron smoke- 
stack. The mouth of the muffle and the flues above and below it can 
be closed by dampers ; a, the cupel. 

3. Gas furnaces {coalrgas). — By using these furnaces 
the work can be carried on in a very cleanly manner, and 
the temperature can be very perfectly regulated. The 
gas is introduced either by means of burners placed at the 
rear wall {Perrot^s furnace, used in the Berlin School of 
Mines), or from below through four straight burners 
standing alongside each other beneath a slit in the bottom 
(furnaces oi Lenoir and Forster of Vienna, used in the labo- 
ratory of the Schemnitz School of Mines, etc.), or through 
curved burners arranged in the form of a circle beneath 
the furnace (furnace of the Soci6t6 genevoise pour la 
construction d'instruments de physique a Geneve, used 
in the Berlin School of Mines). The oil furnaces of 
AndoiihirDeviUe of Paris (using the vapors of crude 
petroleum) are said to be cheaper in operation than the 
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gas furnaces just described. The oil trickles from funnels 
upon the hot grate-bars set obliquely and channelled. 
There it is instantly vaporized and burns.* 

Fig. 29 shows PerroVg gas muffle-furnace, a, muffle of fire-clay, 
with refractory coating and movable cover h\ e, /, g, furnace walls 
of sheet iron with refractory lining ; A^ burner, with chamber />, 
into which coal gas enters at o, from the pipe u, provided with mano- 

Fig. 29. 




meter v. From here it passes through narrow channels into the 
burner-tubes q and r, which are provided below with openings furnished 
with valves t for regulating the admission of air; w^ w, the nozzles from 
^I'hich the flame passes through d into the space around the muffle, and 
escapes through the flue k into the chimney /, in which is a damper m. 
The chimney also receives, through the pipe n, the fumes which may 
^cape from the mouth of the muffle. 



11. DRAUGHT OR WIND FURNACES. 

These consist—- 

1. In case carbonized fuel (coke, charcoal) is used, pf a 
round, rectangular or oblong fire-place, * separated from 

I Ztschr. des Ver. deutsch. Ingen. xxi. 225.- 




tlie ash-pit at the base by a grate, and provided with 
a fire-clay or cast-iron cover or top-plate. A lateral 
flue connects the fire-place with 
^K- ^- the chimney. The furnace is 

either bricked in (Fig. .30) or is 
portable. In the latter oisc, the 
body of the furnace is made of a 
sheet-iron cylinder lined with 
refractory material. It is also 
a very good plan to set a furnace 
of this kind into brick-work, 
leaving an intermediate space 
between the two, in which case 
the usual binding with strap- 
iron may be dispensed with. 
The cover or top-plate over the 
fire-place consists of two fire-tiles provided with some 
convenience for easily removing and replacing them. It 
is best to place a small carriage in the ash-pit for receiv- 
ing and removing the ashes (Berlin School of Mines). 
The degree of temperature possible to attain, depends on 
the height of the shaft between the grate and the flue, 
the height of the chimney, and the quahty of the fuel 
used (coke will give a higher temperature than charcoal). 
The temperature can be increased with the aid of a flue 
leading from the ash-pit into the open air, or by an under- 
grate blast, and is regulated by a damper fixed in the 
door of the ash-pit, or in the flue or chimney. The 
highest temperature is foimd at about 4 to 6 centimeters 
(1.57 to 2.36 inches) above the grate, which should he 
taken into consideration in placing the crucibles in the 
furnace. 

The labor attending these furnaces consists of — 

a. The placing of the assay vessels in the furnace by 



DRAUGHT OR WIND FURNACES. 57 

hand. If it is necessary to look into them during the 
operation (assay of lead in iron crucibles, Cornish roasting 
assay of copper), they are placed in a hollow made in the 
fuel, generally coke ; or, if this is not required (assays for 
lead, copper, tin, iron, etc., in clay crucibles), the assay 
vessels are placed immediately upon the grate, leaving 
sufficient space between them for the necessary fuel, and 
in such a manner that the part of the vessel which is to 
be heated the strongest stands about 4 to 6 centimeters 
(1.57 to 2.36 inches) above the grate. If, therefore, ves- 
sels with feet are used, they must be placed directly upon 
the grate, while those without feet (crucibles) are sup- 
ported on a block or stand of fire-clay. 

h. Firing. — ^This, as a general rule, is done from heloio 
by putting glowing coals between the assaying vessels, 
filling up the shaft with fuel, and then gradually closing 
the top-plate of the furnace. But if the heating must take 
place very slowly, the firing is done from above^ by plac- 
ing the glowing coals on top of the fuel with which the 
shaft is filled. The fire, when the mouth of the furnace 
is closed, will then gradually work down. (In the Schem- 
nitz laboratory, the lateral flue is placed below the grate 
and the air required for combustion is introduced from 
above.) The temperature is regulated in the manner 
indicated on p. 56, and, if necessary, fuel is added from 
time to time, but, before this is done, the glowing coal 
must be poked down to do away with empty spaces. 

c. Taking the vessels from the furnace. — This is done 
by lifting the vessels out at the top of the furnace, by 
means of crucible tongs (Fig. 47), either out of the coke, 
or from the grate, after the fuel has burned down, or, in 
the latter case, it may be more convenient to remove them 
through an opening in the side (t in Fig. 30), but this 
must be closed up during the operation of the furnace. 
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Either the contents of the crucibles are poured out and 
the crucibles while still glowing placed back in the fur- 
nace and again charged from the mixing capsules (Fig. 
6) (assay of lead in an iron crucible), or the clay cruci- 
bles are allowed to cool off and are then broken up. 

A furnace for 10 lead assays is 35.4 centimeters (13.93 inches) 
high, 33.7 centimeters (13.26 inches) long, and 36.3 centimeters (14.29 
inches) wide. It has seven bars. The door of the ash-pit is 15.3 cen- 
timeters (6.02 inches) wide, and 14.2 centimeters (5.58 inches) high, 
14.2 centimeters (5.58 inches) below the grate. The chitnney is 
from 1.75 to 2.34 meters (5.74 to 7.67 feet) high, with a diameter of 
10 to 12 centimeters (3.93 to 4.72 inches). A furnace tapering 
towards the upper end and intended for 1 lead assay in an iron cruci- 
ble has the following dimensions : 18 centimeters (7.08 inches) wide, 
12 to 14 centimeters (4.72 to 5.51 inches) high, with waits 6 milli- 
meters (0.23 inch) thick. The ash-pit is 12 centimeters (4.72 
inches) high, and 14 centimeters (5.51 inches) wide. For assays of 
copper, the shaft of the furnace is a few centimeters higher and the 
chimney from 1 to 1.5 meter (3.28 to 4.92 feet) higher than that for 
lead. The Cornish furnace for assays of copper is 40 centimeters 
(15.74 inches) high, and 20 to 26 centimeters (7.87 to 10.23 inches) 
wide. For iron assays, the shaft is 55 centimeters (21.65 inches) 
high, and 33 centimeters (12.99 inches) wide. The ash-pit is from 
29 to 30 centimeters (11.41 to 11.81 inches) high ; the flue 33 centi- 
meters (12.99 inches) long, and 11 centimeters (4.33 inches) high; 
the chimney 10 to 12 meters (32.8 to 39.37 feet) high, and 20 centi- 
meters (7.87 inches) wide. The dimensions of the furnaces used in 
the Berlin School of Mines are : for assays of lead, 20 centimeters 
(7.87 inches) high, and 34 centimeters (13.38 inches) wide; for assays 
of copper, 26 centimeters (10.23 inches) high, and 34 centimeters 
(13.38 inches) wide; for assays of iron, 35.5 centimeters (13.97 inches) 
high, and 34 centimeters (13.38 inches) wide, with a chimney 10 meters 
(82.8 feet) high, provided with a damper for regulating the draught.* 

2. Wind furndces for free-hurning (Jtaming) coal. — 
The assay vessels stand over the grate upon a tile of fire- 
clay in the same manner as in Plaifue^'^s furnace, except 
that there is no muffle. (Freiberg.) 

> B. u. h. Ztg. 1878, p. 83. 
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3. Wind furnaces for illuniinaHng gas} — These fur- 
naces are easily attended, the work can be carried on in a 
verj" cleanly manner, and at the same time with the 
greatest accuracy, as the assayer can conveniently look 
into the crucible during the operation. 

Fig, 31 represents Perrot't furnace, a, the outer shell, with cover 
i, and sight-hole c ; d, the crucible, upon a movable stand, « ; /, inner 




aliell; ff, pipe, with manometer h, and cock t, for conveying gas into 
Hie annular chamber i, from which it passes through the pipes /, 

' B. u. h. Ztg. 1873, p. 984 (Perrot) ; Dingier, cevi. 860 (Wiessnegg) ; 
Dingier, clixx. «aO; clxxiix. 876; Oeslr. Jahrb. V. Hauer, 1878, p. 123 
(Schloiing). Mitchell, Pract. AssaylDg, 1868, pp. 81 and 78. Hempel's 
OfiMtfen mit OxfdationBvorricbtung, z. B. zum Abtreiben, in Freseniaa' 
Ztschr. XTi. 4M ; svtlt. 404 (may be had of Desaga in Heidelberg). 
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through the annular opening m, into the inner space of the furnace, 

where flame plays around the crucible dy and finally escapes through 

the upper opening of the inner chamber into the exterior annular 

space, and is carried off below through the pipe n, leading to the 

chimney ; o, openings for admitting the air required for combustion, 

which is mixed in the pipes /, with the gas. The admission of air is 

regulated by a cut-off. p \s & cup for the reception of any metal 

which may overflow and escape from the crucible. 

Wieisnegg's gas furnaces are of simpler construction, and consume 

less gas. The flame plays around the crucible in the form of a spi- 
ral. By this means air and gas are more intimately mixed, and higher 

temperatures can be obtained. The same result is attained in Sclilos- 

ing's furnace. The attainable heat of Perrot^s furnace is about 1 560^ C. 

(2840° F.). 

12. BLAST FURNACES. 

These are low cylindrical shaft furnaces, constructed of 
fire-resisting material, or of a sheet-iron cylinder lined 
with refractory clay. At some distance above the hearth 
of the furnace, are one or several tuyeres symmetrically 
arranged. The mouth of the furnace is provided with a 
movable sheet-iron chimney. The furnace, in order to 
increase the temperature, is well supplied with air heated 
in the space between the two iron shells surrounding the 
shaft {Sef stromas furnace) or in a reservior below the per 
forated hearth of the furnace (^Deville's furnace).^ The 
hearth in Welches furnace may be easily separated from 
the ftirnace body.* The fuel used in these furnaces should 
be in lumps about the size of a walnut and uniform in size. 
A very high temperature can be produced in a shorter 
time, and with the consumption of less glowing fuel than in 
wind furnaces, but a certain amount of power is required 
for operating the blast (bellows, fan. Root's blower),^ 

• 

1 Kerl, Thonwaareuindustrie, 1879, p. 65. 

• Dingier, ccxxix. 159. 

> Root's blowers are well adapted for this purpose. 
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Fig. 82. 



and the fire must be frequently stirred and fuel added. 
If only one crucible is used, it is placed in the centre of 
the furnace. But if more are placed in the furnace at one 
time, each is placed at the same distance from one of 
the tuyeres. Baschette's furnace furnishes very high 
temperatures; it has an oblong cross-section, and the 
tuveres are arranged alternately in rows. MunscheicVs^ 
gas blast furnace gives also very high temperatures. Gas 
and air mixed, are drawn into it by means of an ex- 
haust fan. 

Fig. 32 shows Sefstrdm's furnace, h is the space between two sheet- 
iron cylinders closed on top by a. The inner cylinder is lined with a 
fire-resisting material, c (1 part 
clay and 3 to 4 parts quartz sand). 
The air enters at rf, and, after 
having been heated in the interme- 
diate space, is carried through the 
tuyeres o. The dimensions of a 
furnace for six small iron crucibles 
ure as follows: 18 centimeters 
(7.07 inches) in diameter; total 
height 15 centimeters (5.9 inches) ; 
a collar 7 centimeters (2.75 inches) 
high, upon which sits the sheet- 
iron chimney ; width and height 
in the clear, 10.5 centimeters 

(4.14 inches) ; thickness of the refractory lining 2.5 centimeters (0.98 
inch) ; distance between the two cylinders, on the sides 1.2 centime- 
ters (0.47 inch), and on the bottom 2.5 centimeters (0.98 inch). The 
manometer is placed on the exterior shell. Lang's blast-furnace' for 
larger masses has an annular air-conduit. 




13. FURNACES FOR SUBLIMATION AND DISTILLATION. 

These consist of a fire-space to be heated, for the re- 
ception of variously shaped vessels (tubes, retorts, boilers, 



» B. u. h. Ztg. 1878, p. 861. « Karnthn. Ztschr. 1879, No. 8, p. 287. 
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etc.) of clay, porcelain, glass, or iron, in which the sub- 
stances are heated without addition (as, arsenical pyrites, 
iron pyrites, amalgam), or with fluxes (preparation of 
realgar, separation of mercury from cinnabar, etc.)- They 
are usually provided with a receiver, cooled off, for con- 
densing the volatile products into solid bodies (sublima- 
tion), or to fluids (distillation). 

Fig. 33 shows a tuhlimation furnace, a are clay tubes for the recep- 
tion of the assay sample (as, for example, araenicul pyrites or iron 
and arsenical pyrites for the production of realgar) ; h, receiver for 
the sublimate (arsenic, realgar) ; c, the grate ; d, flues. 



Fig. 33. 



ng.84. 




Fig. 34 represents a distillation furnace, a, tube for the reception 
of the assay sample (for instance, gold or silver amalgam) : e, grate; 
h, combustion chamber ; ff, chimney ; c, pipe for carrying ofl^ vapor? 
(of mercury) into the condensing pipe k, provided with a funnel I, the 
edge of which is covered with a cloth ^ , upon which cold water flows 
from n, and overflows at o. — Or Fig. 35, n, a retort, with tubulure 
b ; c, receiver, covered with paper or cloth kept cool by water which is 
allowed to trickle upon it. — Or Fig. 3G, if a more thorough cooling 
off is required, h, a retort, from which the vapors pass through t into 
the cooling-pipe a. This rests upon a stand y, and is surrounded by 
a sheet-iron cylinder, into which cold water passes through e, and is 
discharged at ef, while the liquid formed from the condensed vapors 
is collected in b. 
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^ginio-comhufitwn fiwnaces (Fig. 58) may also be 
"^ for heating tubes. 
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IV. Assay Vessels. 

14. GENERAL REMARKS. 

The form of the assay vessels, as well as the materials 
from which they are made, varies according to the object 
for which they are to be used. The principal distinction 
is, whether they are to be employed in the dry or wet 
method. 

15. ASSAY VESSELS FOR THE DRY METHOD. 

A, Clay vessels} — These are required to be more or 
less refractory according to the heat to which they are 
to be exposed (their refractory quality depends on the 
proportion between silicic acid and alumina and tlje 
quantity of fluxing agents — ferric oxide, lime, alkalies, 
magnesia — which may be present). They must allow of 
being suddenly heated and cooled without cracking (fat, 
contracting clay requires to be mixed with quartz, chamotte,^ 
graphite). The vessels should be corroded as little as 
possible by the substances heated in them, but, as a gen- 
eral rule, this can never be entirely prevented. (It may 
be done to some extent by making the sides of the cruci- 
bles thicker, or by giving a finer grain to the stuflF of 
which ihey are made. This should be made as compact 
as possible, by mixing the clay with chamotte instead of 
quartz. The interior of the crucible should be made very 
smooth, and it should be fired in the kiln as strongly as 

' Kerl, Thonwaarenindustrie, 1879, p. 401. Percy, Metallurgy, vol. I. 
1875, p. 111. 

> [Chamotte is a mixture of unbumt fire-clay and dust of fire-bricks, glass 
pots, or seggars. — Translator.] 
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jjossible.) The vessels should further be very compact. 
This can be accomplished by giving a suitable grain to 
the mass, exercising great care in moulding and firing 
them strongly. The compactness of the vessels is tested 
by fusing metallic sulphides, such as galena, several times 
in them. They are made either by a plug and mould 
(roasting dishes and scorifiers, Upper Harz crucibles for 
lead smelting) or they are turned upon the potter's wheel 
(crucibles and larger melting pots). 

The principal vessels^ etc,^ are — 

1. Vessels without feet. 

a. Roasting dishes (Fig. 7). — They are flat, smooth 
inside, not very refractory, 8 to 10 millimeters (0.31 to 
0.39 inch) deep and 50 to 80 millimeters (1.96 to 3.14 
inches) wide. They are used in the manner indicated on 
p. 34. 

h. Scoirification or calcining vessels (Fig. 37). — They 
have a thick bottom and sides, very smooth interior, and 
are very compact. To avoid being cor- 
roded by lead oxide, they should be made ^^^' ^^' 
of clav mixed with chamotte. Thev are 
40 to 50 millimeters (1.57 to 1.96 inches) 
wide in the clear, 15 to 20 millimeters 
(0.58 to 0.78 inch) deep, with a bottom 10 millimeters 
(0.39 inch) or more thick. 

c. Refining dishes. — They have either the same form 
as the flat roasting dishes, but are fire resistant and one 
edge is somewhat ground down, or they are made 
from fragments (Fig. 38) of crucibles (Fig. 42), and are 
then 70 to 80 millimeters (2.75 to 3.14 inches) long; or 
they are shaped like a flat saucer with feet. These are 
30 millimeters (1.18 inches) wide, with a total height ot 
25 millimeters (0.98 inch) (Hungarj). 
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d. Crucibles, — These are of various forms and sizes, 
large and small (Figs. 39 to 41). They are respectively 
32 and 45 millimeters (1.25 and 1.76 inches) high in the 
clear, and have a total height of 39 and 52 millimeters 



Fig. 88. Fig. 89. Fig. 40. 











(1.53 and 2.04 inches), a clear width of 33 and 43 milli- 
meters (1.29 and 1.68 inches), and are not yexy refractory. 
Fig. 40 shows a large and a small Cornish crucible for the 
assay of copper. They are very refractory. Their re- 
spective dimensions are : diameter on the top 80 and 68 
millimeters (3.14 and 2.67 inches), total height 84 and 
60 millimeters (3.3 and 2.36 inches). Fig. 41 represents 
a crucible for iron. This is lined by means of a wooden 
plug with charcoal powder h (this is first moistened with 
starch paste, molasses, or clay), or it is lined with a mixture 
of 90 to 95 per cent, retort graphite, 5 per cent, rosin, and 
some petroleum, and burned with exclusion of air. They 
are covered with the perforated lid c. They are 37 milli- 
meters (1.45 inches) high and 25 millimeters (0.98 inch) 
wide, and, after they have been lined, respectively 22 
millimeters (0.86 inch) and 10 millimeters (0.39 inch). 
They are very refractory (Hessian pots). The French 
pots are especially refractory and smooth inside. 

GrapTiite crncihles are made of graphite mixed with 
clay. They are very smooth inside, and very refractory. 
Those used in Cornwall for assays of tin are 80 milli- 
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meters (3.14 inches) wide on the top, and 50 millimeters 
(1.96 inches) on the bottom, have a clear height of 74 
miUiraeters (2.91 inches), and a total height of 90 milli- 
meters (3.54 inches). 

Soapstarie crvcibles, if gradually heated, are adapted 
for all smelting purposes. They are infusible, not affected 
by alkalies, and become harder by burning. 

2. Vessels with feet. Crucibles for lead and copper 
melting (a, Fig. 42). — The latter are more refractory 
than the first. They are 25 to 32 millimeters 
(0.98 to 1.25 inches) wide on the top, 40 to 50 
millimeters (1.57 to 1.96 inches) in the centre, 
83 to 85 millimeters (3.26 to 3.34 inches) 
high in the clear, with a total height of 110 to 
120 millimeters (4.32 to 4.71 inches). Some- 
times there is a depression in the bottom for 
the reception of the regulus, and the loot, when 
broken off, may serve as a cover. 

Fig. 43 shows a crucible for smelting iron, lined with 
powdered charcoal (see above). These crucibles are 45 
millimeters (1.76 inches) wide, and 55 millime- 
ters (2.16 inches) high in the clear, with a total ^^g- ^ ' 
height of 90 millimeters (3.54 inches). 

3. Otiier clay vessels. — In this category be- 
long muffles (p. 49), retorts^ and tubes. 

B. Wrought'iron vessels. Crucibles for assay 
of lead^ vnth or without lip. — These are from 8 to 1 2 centi- 
meters (3.14. to 4.72 inches) high, and 5 to 8 centimeters 
(1.96 to 3.14 inches) wide. The sides are from 10 to 12 
millimeters (0.39 to 0.47 inch) thick, and the bottom 
from 2 to 3 centimeters (0.78 to 1.18 inches). Other iron 

« 

vessels used are, tubes and retorts^ and cast-iron muffles. 

C. Vessels of bone-ash : Cupels (Fig. 44). — They are 
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Fig. 44. 




Fig. 45. 



made either of bone-ash alone, or with an addition of 
a little wood-ashes, or pearl-ash, to the wat^r 
used for moistening the bone-ash, which addi- 
tion decreases their power of conducting heat. 
The bones are burnt white throughout, are then 
powdered and washed. The dried powder, which should 
be about as fine as coarse wheat flour, is used for the 
principal mass, while a finer flour is reserved for a final 
coating. The cupels are formed by filling and driving the 
prepared bone-ash into a mould made for the purpose 
(Fig. 45), jB, the pestle; A^ the mould; or they are 
pressed.^ Ordinary Freiberg cupels for ores consist of 

3 volumes soap-boilers' ash, and 1 
volume bone-ash. Their outer diame- 
ter is 35 millimeters (1.37 inches), di- 
ameter in the clear 24 to 25 milli- 
meters (0.94 to 0.98 inch). They are 
10 to 12 millimeters (0.39 to 0.47 inch) 
high in the clear, with a total height of 
18 millimeters (0.7 inch). Fine or 
mint cupels consist of 2 volumes soap 
boilers' ash, and 3 volumes bone-ash. 
Their total diameter is 26 millimeters 
(1.02 inches), with a clear diameter of 
18 millimeters (0.7 inch) ; their total height is 14 milli- 
meters (0.55 inch). Cupels in order to be perfect should 
dry very slowly, and be thoroughly ignited before they 
are used. They should be white, and, besides a certain 
degree of solidity, should possess the requisite porosity 
to absorb litharge (when taken up with the tongs they 
must not crumble, but it should be possible to crush 




» B. u. h. Ztg. 1868, p. 154. 
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them with the fingers). They must neither undergo any 
perceptible change, n6r crack, when exposed to a white 
heat, and should develop no gases and form no chemical 
combinations with the substances fused in them. When 
too solid they crack easily, absorb the litharge too slowly, 
cupellation being thereby prolonged, which causes a loss 
of silver. If, on the other hand, they are too porous, 
they absorb too much silver and gold with the lead ox- 
ides. (A loss of metal can never be entirely avoided in 
the assay.) 

Z). Vessels of other materials. — Cupels in the form of 
a prism about 2.5 centimeters (0.98 inch) high and 4 
centimeters (1.57 inches) thick are chiselled out of char- 
coal, or turned from hard wood and then carbonized. 
Coke cupeh are made of powdered and sifted coke, which 
is kneaded with liquid pitch. The stiff mixture formed 
after the mass has become cold, is pulverized, and some 
more powdered coke added to it (4 parts of coke to 1 part 
of pitch). The entire mass is then passed through a hair 
sieve, heated, and stamped in a cupel-mould about 2.5 
centimeters (0.98 inch) high, with a diameter of 3.7 
centimeters (1.45 inches) on the top and 3 centimeters 
(1.18 inches) on the bottom. The finished cupels are 
then ignited, the air being excluded during the opera- 
tion. 

16, ASSAY VESSELS FOR THE WET METHOD. 

1. For assays hy gravimetric analysis. — Articles of 
glass: digesting-flasks or matrasses, beaker-glasses, fun- 
nels, watch-glasses, wash-bottles, stirring-rods, retorts, 
tubes, apparatus for generating sulphuretted hydrogen, 
etc. Of porcelain : crucibles, evaporating dishes, tubes. 



70 ASSAYING. 

etc. Of other matenah : forceps, crucible tongs, wire 
triangles, wire gauze, etc.^ 

2. For assays by volnmetric analysis^ see p. 43. 

3. For assays by colorimetric analysis. — Tapering 
glasses or tubes of a uniform diameter for comparing 
colors; graduated measuring vessels of glass or porce- 
lain, divided into centimeters, ounces, etc.; dissolving 
vessels, etc. 



V. Baltooes and Weights. 

17. BALANCES. 

Of these will be required — 

1. An ore balaiiee^ for weighing ores and the regulus 
of base metals. This should be capable of carrying from 
30 to 50 grammes (1.05 to 1.76 ounces), and, with 5 
grammes (77.19 grains) in each pan, must be distinctly 
sensitive to an addition of 1 milligramme (0.015 grain). 

2. Bullion or button balance^ inclosed in a case, for 
weighing gold and silver beads and alloys of precious 
metals. It should be capable of carrying 5 grammes 
(77.19 grains) at the utmost, and must distinctly turn 
with y^ to Y^y milligramme when both pans are loaded 
with 1 gramme (15.43 grains). 

3. An apothecary balance^ for weighing larger quanti- 
ties. It should be sensitive to 5 milligrammes (0.077 
grain). 

4. A rqu<jh scale^ for weighing approximately larger 
quantities (fluxes, etc.). A grocer's scale will answer the 
purpose. 

* Muencke^s Klemmvorrichtiing in Dingier, ccxxv. 887. Dreiecke iind 
Tiegelzangen mlt Porzellanarmirung in Fresenius' Ztschr. 1879, p. 259. 
Doppelaspirator, Dingier, ccxxv. 619. 
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18. WEIGHTS. 

The following are used : — 

1. The gramme loeight^ from 50 to 0.001 gramme 
(771.61 to 0.015 grains) ; for silver coins from 1 gramme 
(15.43 grains)=1000 parts to y^^ part; for assays of 
gold from ^ gramme (7.71 grains) as the unit = 1000 

parts to yuVir P^^^- 

2. Centrter. — 1 assay centner :^ 5 grammes (77.19 
grains) (Upper Harz) or = 3.75 grammes (57.89 grains) 
(Freiberg) =100 pounds, which is divided into 100 parts 
of pounds, or the quints the smallest weight being ^ of 
the quint. 

In Austrian smelting works, etc., 1 assay centner es 10 grammes 
(154.38 grains), which is divided into 100 parts, called pounds; 
the pound is divided into 32 loth, the loth into 4 quentchen, and this 
into 4 denar, the smallest weight being 1 denar — 0.195 milligramme 
(0.003 grain). — English grain weight. The unit is usually 1000 
grains (64.8 grammes). The smallest weight for gold and silver 
buttons is 0.001 grain. For an assay of ore, generally a sample is 
taken weighing 400 grains. The divisions of this system are as 
tbllows: 1 ounce = 480 grains = 20 pennyweights (24 grains to 
the pennyweight). — American assay weight. 1 assay ton = 29.160 
grammes (450.26 grains); 1 pound avoirdupois (commercial weight) = 
7000 troy grains (apothecaries' weight) ; 1 ton = 2000 pounds avoir- 
dupois; 2000 X 7000 = 14,000,000 grains troy in 1 ton avoirdupois; 
480 grains troy = l ounce troy; 14,000,000-^-480 = 29,166 troy 
ounces in 2000 pounds avoirdupois; one assay ton contains 29,166 
milligrammes, therefore, 2000 pounds are to 1 assay ton as 1 ounce 
troy weight to 1 milligramme (0.015 grain). If, for instance, an 
assay ton yields 1 milligramme (0.015 grain) of gold or silver, the 
result will be 1 ounce troy in 2000 pounds avoirdupois without further 
calculation. 

[For general practice, it is far preferable to use the French metric 
system of weights, instead of the arbitrary and varying German sys- 
tems. The simplicity and convenience of the American assay ton 
leaves nothing to be desired. — Translator.] ' 
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VI. Tools and Implements. 

19. GENERAL REMARKS. 

We will only consider the tools and implements re- 
quired for the dry method^ as those for the wet method * 
do not differ from those used in analytical chemistry 
(stands, forceps, crucible tongs, cork drill, etc.). 

20. FURNACE TOOLS. 

The following tools are used in attending the furnaces. 
Shaveh with perforated blades for handling the fuel; 
large and small irmi pokers and scrapers for cleansing the 
grate and muffle, poking the coal, etc. ; coal and ash sieves 
with meshes respectively 1 centimeter (0.39 inch) and 3 
millimeters (0.11 inch) wide ; iron boxes filled with water 
for cooling the tools, etc. 

21. IMPLEMENTS. 

The following are required : — 

A, For jneparing the assay sample. 

1. Sampling. — Iron spoons having a diameter of 4 cen- 
timeters (1.57 inches) ; shovels ; troughs^ wooden hoxes^ 
etc.^ for the reception of the assay samples ; files and cold 
cJiisels ; hollow chisels ; drills ; hollaic cylinders of sheet 
iron for small ore ; magnifying glass^ etc. 

2. For drying the samjyles (p. 26). — Drying pans of 
sheet iron or copper; drying frames ; iron spatulas ; dry* 

1 Neuere Geratlischaften in Fresenius' Ztschr. f. analyt. Chemie. 
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ing disk (Fig. 2, p. 26); water-bafhs (Fig. l,p. 26); air- 
baths ; desiccators (Fig. 17a, p. 43), etc. 

3. For comminuting the samples (p. 27). — Grinding 
plate and rubber ; mortars ; hammers ; anvils ; rolU ; 
common scissors and plate shears ; files ; rasps ; pliers ; 
vise^ etc. 

4. For sifting. — A series of sieves of from 20 to 100 
meshes to the inch, for sifting ores, fluxes, etc. A box 
sieve, consisting of a round tin box, into which a sieve 
can be snugly fitted, is very useful, as in sieving the pul- 
verized ore there is no dust. If desired, a tin cover can be 
made to inclose the whole. 

5. For washing (p. 28). — Beaker glasses ; glass cylin- 
ders ; tcooden vanning troughs (Fig. 4, p. 29), etc. 

6. For weighing. — Brass pincettes with fine ivory points 
for taking up small weights, metal buttons, etc., and others 
with blunt or broad points for lifting larger weights and 
heavier buttons of precious and base metals; broAs mixing 
f^poons^ 18 centimeters (7.08 inches) long and 2 centime- 
ters (0.78 inch) wide, having on one end a spatula 1.2 
centimeters (0.48 inch) wide ; cameVs hair and bristle 
hriishes ; watch-crystals ; small glass or porcelain vessels ; 
glass tubes^ one end fused shut and the other closed with 
a cork or glass stopper ; glazed paper ; artistically closed 
fvrnets of fine letter paper of different colors. They are used 
for the reception of shavings, granules, etc., of alloys, etc. 

7. For charging. — Mixing scoops (Figs. 6 and 6a, p. 32) ; 
mixing spatuda of brass or horn ; bristle brushes ; measur- 
ing spoon for granulated lead ; touch stones and toucJi iiec' 
(lies, etc. 

B. Implements for transporting the assaying vessels and 
for manipulating the same in the furnace. — Iron tongs 
(Fig. 46) for catching hold of the vessels. For large 
muffle-furnaces they are 80 to 100 centimeters (31.49 to 



1)9.37 inches) loug, and, for smaller furnaces, 50 to 60 
(centimeters (19.68 to 23.62 inches). Scorification tongs 




with one arm forked, as shown in Fig. 46a-, the horse- 
shoe part just large enough to fit the scorifier, 60 milli- 
meters (2.36 inches) long and 45 millimeters 
(1.76 inches) wide; crucible tongs (Fig. 4:1) for 
wind and blast furnaces. Small assa^ platea of 
sheet iron, with handles. They are about 14 
centimeters (5.5 inches) square, and are provided 
with 9 depressions each 28 millimeters (l.I 
inches) wide, in which cornets, simple weights of 
lead (Bleischweren), etc., are kept. The follow- 
ing implements are required for manipulations 
in the furnace during roasting, fusing, etc. : curved 
ffiirring rods and spatulas of iron ; iron ladles ; 
\y^ tongs with curved tips (Fig. 46i) for taking hold 
of cornets, buttons, etc. ; cooling iron (Fig. 48). 
The blade of this for large muffle-furnaces is 9 centi- 
meters (3.-54 inches) long, 7 centimeters (2.75 inches) 
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wide, and 1 centimeter (0.39 inch) thick. It is provided 
with a handle 85 centimeters (33.4 inches) long. For 
small furnaces the respective dimensions are : 5 centi- 
meters (1.96 inches), 4 centimeters (1.57 inches), 0.7 
centimeter (0.27 inch), and 70 centimeters (27.55 inches). 
(7. Implements required for the reception and further 
treatment of the assay samples after they have been taken 
from the furnace. 

1. For the reception of the assay samples are required; 
sheet'iron plates with handle. They are divided into 
squares by strips of sheet iron crossing each other, or 
have depressions, each about 4 centimeters (1.57 inches) 
wide, in which the assay vessels are placed ; open and 
closed ingot moulds for casting lead and silver bars, 
ingots, etc. ; small iron or leaden plates (Kornbleche), 
about 10 centimeters (3.93 inches) long and 60 millime- 
ters (2.36 inches) wide, with depressions 3 centimeters 
(1.18 inches) wide for the reception of gold and silver 
buttons from the cupel ; and hoards of vx>od with larger 
depressions for the reception of buttons of base metals. 

2. For the further treatment of the samples after they 
have become cold. — Hammers for breaking the clay cruci- 
bles, etc., and removing the slag from the buttons. The 
body of these is about 9 centimeters (3.54 inches) long, 
the head square, the other end running into a point (also 
smaller hammers) ; an anvil with a plate beneath it 
about 6 centimeters square (2.36 inches) ; cupel tongs 
{pliers)^ 160 centimeters (63 inches) long, for taking 
the buttons of silver and gold from the cupels ; a button 
hnish consisting of a brass holder with bristles at both 
ends ; a bar magnet for extracting particles of iron from 
the slag, etc. 
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VII. Assay Reagents. 

22. REAGENTS^ FOR DRY ASSAYS. 

According to their action they may be divided into — 
1. Rediijcing agents, — Charcoal in the form of powder, 
or of small pieces placed on top of the charge (assays of 
lead, copper, etc.), or of crucible lining (assays of iron) ; 
when it is generally mixed with other reducing agents 
(potassium carbonate, sodium carbonate, etc.), because the 
presence of a large percentage of charcoal without addi- 
tions in smelting processes renders the charge more diffi- 
cultly fusible. 

Powdered coke, anthracite, and graphite^ may also be 
used instead of powdered charcoal, but they are less 
combustible. Rosin, fat oils, tallow, sugar, etc., were 
formerly also employed. Bitartrate' of potassium (argol) 
(KC4H50e), either crude or refined, yields considerable 
carbon in becoming carbonized, and in consequence exerts 
a vigorous reducing effect, but causes refractoriness. For 
this reason its percentage of carbon is reduced, if neces- 
sary, by mixing it in different proportions with saltpetre. 
The mixture is poured into a red-hot crucible, placed 
under a well-drawing chimney. The mixture deflagrates 
and emits empyreumatic vapors, when, by reason of a 
partial oxidation of the carbon, a mixture of potassium 
carbonate and carbon is formed. This is known as black 
flux. For vigorous reduction it is made from 1 part of 
saltpetre and 3 parts of argol ; for less vigorous, either 
of 1 and 2|, or 1 and 2 parts respectively. Another flux 

1 Muspratt^s techn. Chemie, 8d Aufl. Bolley, Handb. der techn. chem. 
Untersuchungen, 1879. 
« Werthbestimmuiig in Presenius' Ztschr. 1875, p. 894. 
* WertUbestimmaDg in FreBenius^ Ztsclir. yii. 149. 
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containing potassium carbonate (without carbon), mostly 
with undecomposed saltpetre, and known as white flnx^ 
consists of 1 to 2 parts of saltpetre, and 1 part of argol ; 
gray flux has 3 of argol to 2 of saltpetre. A mixture of 
argol and saltpetre, before it is deflagrated, is called raw 
flux. As black flux, on account of its hygroscopic pro- 
perties, must be frequently prepared fresh, and this work 
is unpleasant by reason of the evolution of bad odors, a 
mixture of potassium carbonate (or soda) and flour (starch 
= C^HioO-i), which is also cheaper, is used in preference. 
Usually 20 to 25 per cent, of wheat flour is taken, but 
for more vigorous reductions 30 to 35 per cent, (for in- 
stance in assays of copper), and even as much as 50 per 
cent, (assay of tin). When this mixture is used, a sepa- 
ration of carbon, in a fine state of division, takes place, 
with the exhibition of a yellow flame of carburetted hy- 
drogen, caused by the carbonization of the flour during 
the fusing of the assay sample. The flame of the carbu- 
retted hydrogen must not be confounded with the hlue 
flame of carbonic oxide. Mixtiires of potassium carbonate 
(or of sodium carbonate) and coal-dust are less intimate,- 
and their action is consequently less energetic than that 
of mixtures in which the carbon has been separated from 
organic substances in a very finely divided condition 
(tartaric acid, flour). Potassium cyanide^ with 64.1 K and 
35.9 Cy, is an energetic reducing (also desulphurizing) 
agent, even at a low temperature (assays of tin). Potas- 
f^ium ferrocyanide^ K4Fe(CN)e, yields, on heating, a mix- 
ture of iron carbide, ferrous and ferric oxides, free carbon, 
and a small quantity of potassium cyanide. It has also , 
a vigorous desulphurizing action. 

The redncing jH)wer is estimated from the quantity ol 
k»ad which is yielded by fusing 1 to 2 grammes (15.43 to 
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30.87 grains) of the reagent with 60 grammes (926.30 
grains) of litharge and 15 grammes (231.48 grains) of 
sodium carbonate or potassium carbonate. 

According to Berthier the reducing power of the various 
agents is as follows:* 1 part hydrogen, 104; pure carbon, 
34.31 ; well-glowed wood charcoal, 31.81; ordinary wood 
charcoal, 28.00; tallow, 15; sugar, 14.5; kiln-dried starch, 
13 ; ordinary starch, }1 ; tartaric acid, 6 ; oxalic acid, 0.90; 
black flux with 2 parts of argol, 1.40; black flux with 2\ 
parts of argol, 1.90 ; black flux with 3 parts of argol, 3.80; 
94 parts soda and 6 wood charcoal, 1.80; 88 parts soda 
with 12 charcoal, 3.60 ; 90 parts of soda with 10 of sugar, 
1.40 ; 90 parts of soda with 10 of starch, 1.15 ; 80 parts 
of soda with 20 parts of starch, 2.30; crude argol, 5.60; 
purified argol, 4.50; pure argol (carbonized), 3.10; po- 
tassium binoxalate (salt of sorrel), 0.90 ; white soda-soap, 
16 parts. 

2. Oxidizing agents. — Saltpetre^ KNO3, with 46.56 K2O, 
and 53.44 N2O5. It should be as free from sulphates as 
^o^^ihlQ.— Litharge, PbO, with 92.83 Pb, and 7.17 0, 
exerts an oxidizing effect upon metals and metallic sul- 
phides (scorification), as well as upon organic substances 
(assay of fuel). As generally used it is in the form of red 
litharge free from particles of metallic lead.^ It should 
completely dissolve in acetic acid, and be as free from gold 
and silver as possible. When it contains silver, white lead 
not adulterated with heavy spar, 2(PbC03) + Pb(HO)2. 
with 86.27 PbO, may be substituted for it. It is best to 
prepare this by the wet method (for instance, by that of 
. Dietel, of Eisenach, which yields a product free from gold, 
silver, antimony, and copper). 

< Dingier, cxciv. 84. 
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According to Berthier^ 1 part of the various metallic sulphides re- 
quires the following quantities of litharge for its decomposition : — 

Parts. 

PbS 1.87 

10 to 12 



HgS 



• I 



. 20 
. 25 

. 2r> 

. 30 
25 to 30 
30 to 35 

. 50 
50 to 60 



BiS 

8b,S, 

ZnS 

FeS 

SnS, 

Copper pyrites 

FeS, 

As,S, 

Litharge entirely free from silver can be prepared by oxidizing the 
purest Pattison or Villach lead by cupellation, or bringing such lead, 
after it hai» been granulated, into fused saltpetre ; or by gradually 
strewing charcoal powder upon litharge fused in a refractory crucible, 
whereby some lead will be reduced which, in sinking down, withdraws 
the silver from the litharge. 

3. Solvent agents. 

a. Acid ; such as powdered quartz ; powdered glass^ free 
from arsenic and lead. It should contain 60 to 70 per 
cent, or more of SiOg, 5 to 22 per cent, of alkalies, 6 to 
25 per cent, of lime, 0.5 to 5 per cent, alumina, and its 
fusing point should be between that of borax and fluor- 
spar, or about 1200° C. (2192° F.). Borax, Xa2B407+ 
IOH2O, with 16.37 Na^O, 36.53 BO3, and 47.10 HgO. It 
should be completely dehydrated, or in the condition 
known as boraa>glas8. This is produced by fusing borax 
in a clay crucible, and then pouring it upon a bright 
metallic surface. It is more fusible than glass, and the 
boracic acid forms combinations with nearly all the bases 
as well as with silicic acid. Salt of phosphorus (sodivm- 
ammonium'Jiydrogen phosphate), or microcosm ic salt. 



' Analyses of Glass, in Poggendorf^s Ann. 1879, vol. 6, p. 431. Dingier, 
ccxxxii. 348 (Weber). 
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NaH(NH4)P + 4HA with 14.90 Na A 12.46 XHA 
4.29 basic water, and 34.32 water of crystallization, and 
34.03 P2O3. In the anhydrous condition it is a more 
energetic solvent agent than borax (assays of cupreous 
nickel). Clay^ such as kaolin, AlgSiaOj, with 46.40 
SiOg, 39.68 AlA. 6.96 HgO, and 6.96 aq. ; burned China 
clay contains 53Si202 and 47Al20s. Most varieties of 
clay contain over 50 per cent, of silicic acid. 

b. Basic ; such as potasdum carbonate^ KjCOj, with 
68.09 K2O and 31.91 COj. It should be as free as possi- 
ble from sulphates, and, when mixed with carbon as 
Mack Jlvx (p. 76), and with flour (p. 77), is a vigorous 
reducing, fluxing, and desulphurizing agent. Sodinm 
carbonate^ NagCOg, with 58.58 Na20 and 41.42 COg, acts 
somewhat less energetically than potassium carbonate, and 
consequently a larger quantity of it must be used. It is 
less deliquescent, more fusible, and cheaper. A mixture 
of 13 parts of dry potassium carbonate and 10 parts of 
calcined sodium carbonate, furnishes a flux very easily 
fusible. — Caustic alkalies act more energetically than 
carbonates, but exert a very injurious effect upon the cru- 
cibles. — Calcium cariowa/e, CaCOj, with 56.29 CaO, in the 
form of chalk (or calcite), may be used for smelting oper- 
ations at higher temperatures (for instance, in assays of 
iron, Cornish assays of copper). — Fluor-spar (calcium 
fluoride)^ CaFlj, with 51.54 Ca, is more easily fusible than 
calcium carbonate, and is especially effective for re- 
moving silicic acid. It readily fuses down with calcium 
phosphate, heavy spar, and gypsum. — Lead oxide (lith- 
arge, minium, white lead) readily fuses with silicic acid, 
the alkalies, and with most of the heavy metallic oxides, 
but less so with the earths and alkaline earths. — Ferric 
OQcide^ F2O3, with 69.3 Fe (in assays of copper). 
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4. Precipitating or desulphurizing agents. — Iron in the 
form of iron filings (assays of zinc blende, antimony, and 
murcury), and as pieces of wire 4 to 5 millimeters (0.15 
to 0.19 inch) thick, 6 to 9 millimeters (0.23 to 0.35 
inch) long, and weighing from 0.5 to 2 grammes (7.71 
to 30.87 grains) (assays of lead and bismuth). — Potas- 
sitim cyanide (p. 77) smd potassium ferrocyanide (p. 77). 
The caustic alkalies and carbonates (p. 80) decompose 
metallic sulphides. The metal is separated, and sulphites, 
hyposulphites, and sulphates of the alkalies together with 
alkaline sulphide are formed. The latter forms a sulpho- 
salt (for instance, with FeS, PbS, and CugS) with one part 
of the metallic sulphide, which, as a general rule, can be 
decomposed with iron. Carbon promotes desulphuration 
(black flux^ potassium carbonate^ and ,;7owr, p. 76). — Lead 
oxide (p. 78). — Saltpetre oxidizes metallic sulphides, while 
the metals (silver, copper^ lead) ard separated. 

5. Sulphurizing agents. — Sulphur in the form of flowers 
of sulphur; or of iron pyrites (Cornish assay of cop- 
per). 

6. Concentrating fluxes. — Lead in a granulated condi- 
tion (assay lead). It is prepared by rocking lead in the 
forai of thick liquid paste in a trough well covered with 
chalk and then sifting the mass. It is also used in the 
form of sticks of the purest Pattison lead for alloying 
with gold and silver. (Where the assay er is obliged to 
make his own granulated lead, as in sections where pure 
lead free from silver cannot be obtained, it will be neces- 
sary for him, after granulation in the manner above de- 
scribed, to sample well, and test about 30 to 50 grammes 
for silver by the scorification assay. In using this lead, 
the amount of silver contained in it must, in all cases, be 
deducted from the results obtained in making an assay.) — 

6 
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Silver^ for alloying with gold (quartation). — (roW for col- 
lecting copper (assay of nickel and cobalt). — Antimony 
(antimony oxide) and arsenic for copper (refining). — Cop- 
per oxide for tin. — Iron pyrites as a collecting agent for 
copper (assay of matt). 

7. Decomposing and volatilizing fluxes. — Charcoal and 
graphite for decomposing sulphates, arseniates, and aiiti- 
moniates by roasting. — Ammonium carbonate (NHJjCOa 
for decomposing sulphates, especially copper sulphate, at 
red heat (p. 35), but less completely lead and bismuth 
sulphates. — Common salt (sodium chloride) NaCl, with 
39.66 Na and 60.34 CI, for the volatilization of antimony 
and arsenic in refining black copper according to the 
Cornish method. 

8. Air-excluding fluxes (covering agents). — Decrepi- 
tated common salt^ as free from sulphates as possible, fuses 
easily, and, becoming very thin .fluid, washes down parti- 
cles of metal adhering to the sides of the assay vessels. 
It volatilizes at a red heat. — Glass (p. 79) in Berthier^s 
assay of fuel and assay of matt. — Refined slag from char- 
coal iron blast-furnaces (in assays of zinc). 

» Preparation of pure silver : Cupreous silver or fine silver is dissolved 
in pure nitric acid This is diluted with distilled water, allowed to stand 
for some time, and then filtered. The filtrate is strongly diluted, and chlo- 
ride of silver is precipitated by the addition of pure hydrochloric acid. This 
is w^ashed by decantation and then boiled several times with diluted hydro- 
chloric acid, but after each boiling it should be washed with distilled water. 
The moist chloride of silver (3 parts) is mixed with dry sodium carbonate 
(1 ^ parts) and with pure saltpetre (^ part of the whole) The mixture is then 
dried in a porcelain dish and fused in a porcelain crucible ; or 100 parts of 
chloride of silver are fused with 70 parts of chalk, and 4 parts of wood char- 
coal. (Mohr, Titrirmethode, 1874, p. 435. Fresenius* Ztschr. xiii. 179.) 
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23. REAGENTS FOR WET ASSAYS. 

The following are principally used. 

1. Far assays hy gravimetric and colorimetric analysis. 
— Acids : hydrochloric, sulphuric, nitric, and acetic acid, 
aqua regia (nitro-muriatic acid). Bases and salts : caus- 
tic alkalies, alkaline carbonates, potassium chlorate, fer- 
rous sulphate, sodium sulphide, etc. — Metals for precipi- 
tation : iron in the form of wire-pins 30 to 35 millimeters 
(1.18 to 1.37 inches) long and 2 to 3 millimeters (0.079 
to 0.12 inch) thick, or in a pulverulent condition, for 
copper ; zinc in the form of such pins or of granules or in 
a pulverulent state,^ as a reducing agent for iron solutions, 
etc. ; copper (electrolytic copper is the purest) ; bromine^ 
for decomposing sulphurets, compounds of gold, etc. 

2. For volumetric assays: Potassium permanganate 
(chameleon), KMn04, with 29.8 K2O and 70.2 MnaO^; 
sodium sulphide ; potassium cyanide ; barium chloride ; 
jpotassium iodide, free and with dissolved iodine ; sodium 
hyposfdphite ; ferric chloride ; sodium chloride ; potas- 
mum s^ilphocyanide, etc. As indicators : litmus tincture, 
tincture of Brazil wood^ etc., for acids and alkalies ; for 
sulphur : the salts of iron, nickel, and lead, and sodium 
nUroprusside ; for iodine : starch paste ; for iron oxide : 
potassium sulphocyanide, etc. 

» Dingier, ccxxviii. 878. « Dingier, ccxix. 644. 

* Fresenius' Ztsohr. 1875, p. 824 (Rothholz). Bericht der deutsch. chem. 
Ges. 1876, p. 1572 (Fluorescein). 
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I. LEAD. 



24. LEAD ORES. 



Galena (lead monosulphide) PbS, with 86.6 Pb ; ceru' 
Site (lead carbonate) PbCOg, with 76.6 Pb; anglesite (lead 
sulpJiate) PbS04, with 68.3 Pb ; pyromorpUte 3Pb3P20s+ 
PbCl, with 76.3 Pb; crocaimte (lead chromate) PbCr04, 
with 63.2 Pb; wnlfenite (mohjhdate of lead) PbMoO^, 
with 57 Pb. 

25. ASSAYS OF LEAD IN THE DRY WAY. 

The results of these assays are inaccumte, as the lead 
is Hable to slag off and to volatilize, which is promoted 
by the presence of other volatile substances (arsenic, zinc, 
antimony), and also by reason of a possible contamina- 
tion of the lead by other metals (copper, arsenic, anti- 
naony, bismuth). The highest yield which can be ob- 
tained from pure galena is 85.25 per cent., but in poorer 
ores the loss of lead may be 5 per cent, greater. The 
results are sometimes calculated to whole per cents., but 
more frequently from 5 to 5 per cent. 

The condition of the ore, whether the lead is sulphu- 
rized or oxidized, and whether the substance is pure or 
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contains more or less of earths and toreign metallic sul- 
phides, will decide the choice of the assay method. 

I. Sulphurized Suhstaiices. 

A. Gelena^ etc., withotit foreign metallic stilphules 
(ZnS, FeS, CugS, SbaS;,, AsjSj). — Precipitation assay : the 
assay sample is either decomposed by alkalies alone 
(Upper Harz assay with potassium carbonate, assay with 
potassium cyanide), or together with metallic iron (in an 
iron pot or clay crucible), with the following refictiom : — 

The lead sulphide is decomposed by the alkalies at a comparatively 
low temperature (7PbS + 4K,C03 = 4Pb + 3(K,PbS,) + K,SO, + 
4C0j,). The sulpho-salt (K,PbS,), which otherwise would pass into 
the slag, is either decomposed by iron at a high temperature, 3(K,PbSj) 
-f3Fe = 3Pb-f3(K,FeS,), or, as is the case in the Upper Haa 
assay with potash, by a suitable admission of air at a lower tempera- 
ture. By this process the K,S of the sulpho-salt is completely con- 
verted into K,SO^, but the PbS only partly into PbSO^, so that, by 
increasing the heat, the still remaining PbS is decomposed by the 
PbSO,, as follows : (PbS + PbSO, == 2Pb + 2S0,). In the first case, 
the presence of carbon (black flux, flour, tartaric acid, etc) promotes 
desulph u ri za tion . 

1. Rich galena {with little earths). 

a. Assay in an iron pot (^Belgian assay), — This is the 
best method of assaying lead, as pure galena with 86.6 
Pb yields 84.25 to 85.25 per cent, of lead, therefore, with 
a loss of but 1 to 2 per cent, and sometimes only 0.5 per 
cent, of lead. It also permits the use of a larger charge, 
and, the iron pot being a good conductor of heat, the 
operation can be more quickly executed and at a com- 
paratively low temperature. When large quantities of 
earth are present, more slag will be formed, and conse- 
quently the resulting loss of lead will increase, according 
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to Percy^ at the following rate: 1.80 to 7.90 per cent, 
when the ore contains from 10 to 90 per cent, of calcium 
carbonate, and 1.18 to 35 per cent, when 10 to 90 per 
cent, of silicic acid is present. The sample is less fre- 
quently fused without any fluxes (Flintshire) than with 
alkaline fluxes. An addition of carbon (black flux, flour, 
argol) checks the oxidation of the lead, promotes the re- 
duction of the lead carbonate and lead sulphate which 
may be present, and prevents the oxidation of the iron 
sulphide. The latter (oxide of iron) vigorously attacks 
the walls of the pot and retains particles of lead when 
the contents of the pot are poured out. Fluor-spar is a 
good flux for heavy spar. Silver and gold pass entirely 
into the lead, but only traces of zinc arid iron. Copper 
divides itself between lead and slag. A large part of the 
antimony passes into the lead, and while a part of the 
arsenic volatilizes, very little of it passes into the lead and 
the largest part forms spiess with iron. 

50 grammes (771.61 grains) of ore are placed in an 
iron pot previously heated to dark redness, in a coke fire 
in the wind furnace, or in a gas furnace. From 50 to 100 
grammes (771.61 to 1543.23 grains) of black flux or 
potassium carbonate with 15 to 20 per cent, of flour are 
added, then 2 to 3 grammes (30.86 to 46.29 grains) of 
borax, and finally a covering of common salt 5 millimeters 
(0.197 inch) thick. The charged crucible is then placed 
between the darkly glowing coal in the furnace. The 
latter is closed, and the temperature gradually raised 
in about five minutes to complete redness, and this is 
kept up until the contents of the crucible are in quiet 
fusion without foaming (three to five minutes). The 
granules of lead floating on the top should be submerged 

» B u. h. Ztg. 1871, p. 61. 
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by means of an iron spatiJa or wooden rod. The furnace 
is then closed for a few minutes, after which the pot is 
taken out and allowed to cool oflf somewhat. Its contents 
are poured into a mould, which should have been pre- 
viously coated with graphite and heated. If the contents 
are poured out while too hot, a film of lead may remain 
adhering to the iron, and, if too cold, the lead will partly 
spread over the slag. The mould, n.itei having been al- 
lowed to cool off, is turned over, and the hard, black slag 
is quickly broken off from the lead button to prevent it 
from becoming moist, as it would then not separate quite 
as well. The lead button is then washed with hot water 
or diluted sulphuric acid, dried, and weighed. The slag 
is again smelted with some potassium carbonate and flour 
or black flux for about 10 to 12 minutes, and then poured 
out. The time required for the fusion, counted from 
placing the ore into the pot to the first pouring out, is 
from 10 to 15 minutes. The iron pots will bear from 40 
to 50 operations. In many works lead mail free from 
copper, poorer ores, and slag are assayed according to this 
method. 

EnglancF (Flintshire) : 500 grains (32.4 grammes) of rich galena, 
500 grains sodium carbonate, and 50 grains argol ; for poorer ores : 
350 grains of sodium carbonate, 150 grains borax, and 50 grains argol. 
The ore is mixed in a mixing scoop with a long spout (Fig. 6a, p. 32), 
with three-fourths to four-fifths of the quantity 'of the flux. The mix- 
ture is pushed to the front of the scoop, next to this the remainder of 
the flux is placed, and behind this the borax. The whole is then care- 
fully poured into the dark glowing pot and subjected to the fusing 
operation mentioned above. In pouring out the contents the slag is 
kept back in the pot by means of a wooden rod, and is again fused with 
20 to 30 grains of sodium carbonate and 5 to 10 grains of argol. The 
yield of lead from pure galena is generally from 84.25 to 85.25 per 
cent. The diflerence in the results of the assay is nearly the same for 

1 B. u. h. Ztg. 1862, p. 242 ; 1871, p. 61. 
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the richest ores and those yielding up to 50 per cent., but is greater 
in poorer ores. In Wales and Flintshire a yield of 75 to 82 per cent. 
Pb IS obtained from pure galena by placing 10 ounces troy of the ore 
in a covered iron dish and fusing it in an open forge fire. — Bleiberg in 
Carinihia : 50 grammes (771.61 grains) of ore, 2 tablespoon fuls of 
flux (3 parts of argol, 2 saltpetre, I borax), a cover of powdered glass 
(or common salt), smelting tor 12 to 15 minutes, etc — Belgium: 10 
grammes (154.32 grains) of galena with 28 grammes (432.10 grains) 
of sodium carbonate and 5 grammes (77.16 grains) borax, or 10 
grammes (154.32 grains) sodium carbonate and 10 grammes (154.32 
grains) argol. — Tamowitz: 50 grammes (771.61 grains) of ore, with 
black flux, borax, and a covering of salt resting upon a layer of a little 
black flux. The difference between the separate assays is not more 
than 2 per cent. — Mechemich : 25 grammes (385.80 grains) of ore 
^'ith 150 grammes (2314.8 grains) of borax and 100 grammes 
(1543.23 grains) sodium carbonate and argol in equal parts. For 
slag more borax, for lead matt more soda. 

b. Assay with potassium cyanide in ojlay crucibles. — 
This can be executed at comparatively low temperatures, 
and gives a good yield, but is more expensive than the 
foregoing. Besides, the potassium cyanide is poisonous, 
and adheres to the porous mass of the crucible which 
may uncover the lead button and effect its oxidation. 

The charge, according to Level, is as follows: 100 parts galena, 100 
potassium ferrocyanide, and 50 potassium cyanide with some sodium 
carbonate ; according to Ricketts: 10 grammes (154.32 grains) of ore, 
20 to 25 grammes (308.65 to 385.80 grains) of potassium cyanide, and 
a covering of common salt. The cliarge is fused for 12 to 15 min- 
utes at a low temperature ; the yield is 78.5 to 79.1 per cent, of 
lead. 

2. Galena vntli more earths. 

a. Assay with black flux {potassium carbonate and 
flour) and metallic iron^ in clay crucibles. — When the' ore 
contains large quantities of earth, more slag is formed. 
This, if the contents of the crucible were to be poured 
out, would retain considerable lead, which will settle if 
the charge is allowed to cool off in the crucible. The 
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loss of lead is from 2 to 3 per cent. Deep crucibles (fig. 
39, p. 66) are used for this purpose, and the charges fused 
in a muffle or wind furnace. The work can be done 
more conveniently in the latter, and fuel will also be 
saved. Should small quantities of metallic sulphides be 
present, it is well to roast the ore somewhat in a covered 
crucible to volatilize the arsenical sulphides, the sulphur 
from the iron pyrites, etc. Charge: 5 grammes (77.16 
grains) of galena are placed on the bottom of the crucible, 
upon this is put a piece of iron wire 4 to 5 millimeters 
(0.157 to 0.196 inch) thick, and up to 9 milhmeters 
(0.354 inch) long (it should be longer or shorter accord- 
ing to the percentage of lead, that is to say, about 25 to 
30 per cent, of the weight of the ore). Upon this are placed 
15 grammes (231.48 grains) of black flux (or potassium 
carbonate with 16 to 20 per cent, of flour) arid, in case 
of basic gangues, 2 to 3 grammes (30.86 to 46.29 grains) 
of borax. Upon this comes a covering of common salt 
5 millimeters (0.197 inch) thick, and on top of all a piece 
of charcoal the size of a hazel-nut, for maintaining a re- 
ducing atmosphere. The contents of the crucible are 
slowly heated in the muffle furnace until the yellow 
flame caused by the carbonization of the flour is no longer 
visible. The heat is then raised, and tongues of bluish 
flames arising from the carbonic oxide will make their 
appearance. The contents of the crucible should not 
froth too strongly, and for this reason the firing must be 
done very carefully, especially when low crucibles are 
used. When the " flaming" and frothing have ceased, the 
heat is still kept up for | to f of an hour to allow the 
sulpho-salt (p. 86) to become decomposed by the metallic 
iron. 25 to 30 minutes are required for fusing the 
charge. The sample, fuming strongly from the vapors of 
the common salt, is then taken out, allowed to cool oiF, 
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and freed from slag. By hammering the lead flat, the 
iron adhering to it will fly off. The lead button, which 
is covered with iron sulphide, is then brushed and 
weighed. The success of the assay is indicated by the 
iron still adhering to the lead without this being wrapped 
around it (to prevent this, the iron wire should not be too 
fine), by thoroughly frised slag and a malleable lead but- 
ton. If brittle, it contains sulphur. The various assays 
must agree within 1 to 3 per cent, according to the rich- 
ness of the ore. 

Freiberg: 3.75 grammes (57.87 grains) of ore, 0.92 to 1.13 grammes 
(14.2 to 17.44 grains) of iron wire; 7.5 to 9.4 grammes (115.7 to 145 
grains) of black flux or potassium carbonate with flour, 1.13 to 1.5 
grammes (17.44 to 23.15 grains) of borax, and for basic gangue 2.25 • 
to 2.63 grammes (34.73 to 40.6 grains) of glass, and a covering of 
common salt, 5 millimeters (0.196 inch) thick. The charge is heated 
from I to 1 hour in the wind-furnace. — Pribram: 0.5 gramme (7.71 
grains) of crude argol is placed in the bottom of the crucible, upon this 
iron wire, then 5 grammes (77.16 grains) of galena, and 12 grammes 
(185.1 grains) of black flux, and finally a covering of common salt. 
The charge is heated from 20 to 25 minutes in a gently glowing wind- 
furnace until the fusing m^iss subsides. The Are is then urged «on, 
when the assay will emit gas (boil) vigorously, and, when this is the 
case, the firing is continued for 5 minutes longer. A difference of 2 
per cent, is allowed in the assay of ores with to 50 per cent, of Pb, 
and 3 per cent, in those with over 50 per cent. — England:^ The same 
quantities of ore and flux are used as for assays in the iron'pot (p. 87). 
The ore is placed in a Hessian crucible together witli | to | of the 
flux, and a strip of wrought iron in the shape of a horse-shoe is pushed 
into the mass. The crucible is gradually heated, requiring from 20 
to 25 minutes, and during this time the iron is moved about several 
times. When the flux is thin fluid the crucible is taken from the furnace, 
the iron, which should be free from globules of lead, is removed, and 
the crucible allowed to cool. The contents is then poured out, and 
the lead button is freed from slag. If the heat has not been strong 
enough, the lead button will be hard, and will have a lustre like 

1 B. u. h. Ztg. 1871, p. 63. 
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galena, and the slag will also be covered with a lustrous Him. The 
yield of lead from pure galena is from 82 to 83 per cent, of Pb. — Ne%o 
York: 10 grammes (154.32 grains) of ore, 25 grammes (385.80 grains) 
of black flux, three loops of iron wire, which are taken out after the 
fusion is complete, and a covering of common salt. The yield from 
pure galena is 78.4 to 78.6 per cent., with a difference of 1 to 2 per 
cent, in tlie various assays. — Upper Harz: The assay was formerly 
conducted in the same manner as in Freiberg^ but now iron pots are 
used. 

h. Upper Harz^ assay icith potassium carbonate. — A 
muffle-furnace is required for this method of assaying. 
I^ow crucibles (Fig. 39) may be used, as the chaise con- 
tains no carbon, and several crucibles can be placed in 
the muffle at one time. The result of this assay is not 
as accurate, the yield being somewhat less than with the 
methods described above, as the success of the operation 
depends on the proper " cooling of the assay ^^^ for which 
there is no guide but experience. This method is there- 
fore chiefly available for uniform ores only, the approxi- 
mate yield of which is known. It has been almost 
abandoned at the present time. 

Charge: 12.5 to 15 grammes (192.90 to 231.48 grains) 
of potassium carbonate are placed in a small crucible 
(Fig. 39, p. 66). To this is added 5 grammes (77.16 
grains) of galena, and both are thoroughly stirred together 
with the mixing spatula. In case basic earths are pre- 
sent, 1 assay spoonful of borax is placed upon the mixture, 
and upon this a covering of common salt 5 millimeters 
(0.196 inch) thick. The charge is then placed in the 
thoroughly heated muffle-furnace, where it remains, with 
the mouth of the muffle closed, until it has come into 
perfect fusion (that is, when no more deposits are per- 
ceptible on the edges of the crucible). To decompose the 
sulpho-salt by oxidation, the mouth of the muffle is then 
opened for about 10 to 15 minutes, until the crucible ap- 
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pears dark and the vapors above it have greatly diminished 
or entirely disappeared (this is called cooling the cissay). 
Thereupon the furnace is brought back to its first tem- 
perature, completely closing the muffle, in order to 
decompose the still remaining sulphurized lead by the 
sulphate which has been formed! The crucible is then 
taken out and allowed to cool off, and the lead buttons 
are freed from adhering slag. If the assay has been suc- 
cessful, the slag is completely fused, and the lead button 
has a pure lead color, but not much metallic lustre, as, 
if this is the case, the heat has been too strong. — For ore 
containing antimony: 10 grammes (154.32 grains) of ore, 
35 grammes (540.13 grains) of potassium carbonate, 1 
gramme (15.43 grains) of saltpetre, and a covering of 
common salt. 30 minutes are required for fusing, 10 
minutes for cooling, and 10 minutes for the final heating 
of the assay. 

3. Oalena containing large quantities of earths. — The 
English method (p. 87) is employed with a strip of sheet- 
iron in the form of a horse-shoe, but stronger fluxes 
(caustic alkalies) are used, which, to be sure, attack the 
crucibles more energetically, and larger charges, as for 
instance: 100 grammes (1543.23 grains) of assay sam- 
ple, 100 to 150 grammes (1543.23 to 2314.8 grains) of 
caustic soda, 150 to 250 grammes (2314.8 to 3858 
grains) of potassium carbonate or sodium carbonate, strip 
of iron in the form of a horse-shoe 25 millimeters (0.098 
inch) wide, and 4 millimeters (0.157 inch) thick. From 
1 to 1| hours are required for perfect fusion, and until 
the iron is free from lead globules. 

B. Lead monos^ulphide with foreign metallic sulphides 
(galena with zinc blende, iron pyrites, etc. ; lead matt, etc.). 

1. Roasting and reducing assay, — The result of this 
assay is inaccurate, as the lead oxide is liable to slag off* 
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and foreign metallic oxides to be reduced, the metal of 
which contaminates the lead. For this reason the assay 
with sulphuric acid is frequently used instead {Rammels^ 
herg smelting works in the Lower Harz). 

5 grammes (77.16 grains) of ore are roasted in a roast- 

'ing dish. This is mixed in the assay vessel with 7.5 to 
15 grammes (115.7 to 231.48 grains) of potassium car- 

.bonate and flour, or black flux. Upon this is placed 1.25 
to 1.5 grammes (19.29 to 23.15 grains) of glass, then 
0.25 to 0.5 gramme (3.85 to 7.71 grains) of thick iron 
wire, upon this 1.25 to 1.5 grammes (19.29 to 23.15 
grains) of borax, then a covering of common salt, and on 
top of all a piece of coal. By fusing the roasted charge 
in the muflle- or wind-furnace at not too high a tempera- 
ture, the lead oxide and lead sulphate are reduced (if the 
temperature is too high, many other metallic oxides are 
also reduced), and the foreign oxides and earths contained 
in the sample are slagged oflF by the aid of the potassium 
carbonate in the black flux, as well as of the borax and 
glass. The heating should be done with the greatest 
care, as the contents swell up very much. 20 to 30 
minutes are required for smelting in the muflle-fumace 
after the ^^flaming^^ in the muflle has ceased, and from 
15 to 20 minutes in the wind-furnace after the flames get 
imder way. 

Hungary: 10 grammes (154.32 grains) of roasted ore are cliarged 
with 11.5 grammes (177.44 grains) of black flux, and this is covered 
with a layer of 15 to 20 grammes (231.48 to 308.65 grains) of com- 
mon salt. It is fused by keeping up a strong fire under the muffle for 
half an hour. The yield is from 10 to 12 per cent. Pb less than from 
an assay with metallic iron. It will be larger if charcoal dust is added 
in roasting, but the button will be less pure. 

2. Assay tcith stilphimc add (combined dry and wet 
method). — This gives more accurate results than the fore- 
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going processes, as the foreign metals are removed before 
fusion, but there will be always a loss of lead in the last- 
named operation. 

5 to 10 grammes (77.16 to 154.32 grains) of the ore 
are ground as fine as possible. It is decomposed by di- 
gesting it with nitro-muriatic acid {aqua regid) in a glass 
flask with straight walls (Fig. 15, p. 42). A few drops 
of sulphuric acid are added, and it is then evaporated to 
dryness. The dry mass is digested with diluted sulphuric 
acid, filtered, and washed. The filter is freed from water 
between blotting-paper, and, with the residuum (lead sul- 
phate and insoluble earths, clay, etc.), is dried in a roast- 
ing dish under the muffle, and finally incinerated at as 
low a temperature as possible. The mass is then ground 
up, and charged in a high crucible with 15 grammes 
(231.48 grains) of black flux (1 part saltpetre and 3 parts 
argol), and then with 1 to 1.5 grammes (15.43 to 23.15 
grains) of iron. The charge is slowly heated, and then 
strongly heated after the "flaming" in the muffle has 
cased (15 to 20 minutes). — If the assay sample should 
contain antimony^ which partly remains as lead antimo- 
niate with the lead sulphate, the process is as follows: 
The assay sample is decomposed by nitric acid, to which 
some tartaric acid has been added. It is neutralized 
with sodium carbonate, and the antimony is extracted by 
digesting the mass for about half an hour in a solution of 
sodium sulphide containing sulphur. It is then filtered 
and washed, and the residuum is treated in the same 
manner as in the sulphuric acid assay, 

II, Oxidized Substances. 

A. Lead oxides free from earths (litharge^ minium^ 
skimmings {Abstrich) etc.). — 5 grammes (77.16 grains) of 
the sample are fused at not too high a temperature with 
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12.5 to 15 grammes (192.90 to 231.48 grains) of potas- 
sium carbonate with 30 to 35 per cent, of flour, or black 
flux, and covering of common salt, with small pieces of 
coal on the top, in the same manner as in the roasting 
and reducing assay. If the sample should contain any 
sulphur, 0.25 to 0.5 gramme (3.85 to 7.71 grains) of iron 
wire are added. 20 to 25 minutes are required for fusion 
in the muffle-furnace after the ^^ flaming*^ in the muffle, 
and 13 to 15 minutes in the wind-furnace after the flame 
is under way. ^ ^ 

B. Lead oxides with earths. — The charge is the same 
as in II. A, with the exception that from 25 to 30 per 
cent, of borax are added, and 5 to 10 minutes more are 
required for fusion. 

G. Salts of lead oxide^ namely: — 

1. Lead carlx/iiate (cerussite% lead chromate {crocoi- 
site)^ lead phosphate {pyromorphite)^ mimetene (lead arser 
nate\ and yellow lead ore {wvJfenite'). — The charge is the 
same as in II. A, with an addition of from 20 to 30 per 
cent, of borax, according to the presence of more or less 
earthy substances. With pyromorphite containing arsenic 
from 5 to 10 per cent, of iron is added to separate the 
arsenide of iron. Time for fusion the same as in II. A. 

Charges for oxidized ores according to Percy: 500 grains of ore, 
350 grains of sodium carbonate, 150 grains, or less, of borax, and 50 
grains of argol. The charge is fused in an iron pot (p. 87). — Lead 
carbonate (cerusstte) : 500 grains of ore, 500 grains of sodium carbon- 
ate, 100 grains of argol, and 30 grains of borax. The charge is fused 
for about 20 minutes in a clay crucible in the wind-furnace, and poured 
out (p. 91). — Lead phosphate (pyromorphite): 300 grains of ore, 40O 
grains of sodium carbonate, 20 grains of powdered charcoal, and 3^ 
grains of boi*ax; or, 350 grains of sodium carbonate, 100 grains of 
argol, 30 grains of borax, and some metallic iron. Fusing time: 25 
to 30 minutes, counting from introducing the charge until it is poured 
out. 
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2. Lead sulphate (anglesite^ lead fume^ dross^ sweeps 
ings^ failingsj sJdmmings^ etc.). — ^The charge is the same 
as for the assay with sulphuric acid (p. 95). If necessary 
a smaller quantity of metallic iron (for instance, only 10 
per cent, for fume and skimmings which- carry but little 
sulphate) is used, and 20 to 30 per cent, of borax is added 
if earths are present. 

3. Lead silicate {slags). — 10 grammes (154.32 grains) 
of slag are ground as fine as possible, and mixed in an 
assay vessel with 15 grammes (231.48 grains) of potas- 
sium carbonate with 30 to 35 per cent, of flour. Upon 
this, in case of acid slags, are placed 1 to 2 grammes 
(15.43 to 30.86 grains) of borax. For basic slags, 2.5 to 
5 grammes (38.58 to 77.16 grains) of borax, or equal 
parts of glass and borax, are taken, and for slag con- 
taining sulphur, and which may not have been previously 
roasted, 0.25 to 0.5 gramme (3.85 to 7.71 grains) of 
iron and a covering of salt with a piece of coal. The 
charge is smelted in a tall crucible (Fig. 39, p. 66), such 
as is used in the roasting or reducing assay, or in the 
crucible shown, in Fig. 42, p. 67. 1 to 1| hours are 
required for smelting acid slags in the muffle-furnace, 
and J to 1 hour for basic slags in the wind-furnace after 
the flame is free. A thin liquid fusion is absolutely 
necessary, so that the lead globules can unite, this being 
the reason why a longer smelting is required. 

III. Alloys of Lead. 

The wet method must be employed for assaying alloys 
of lead.^ 



' Analysirmethoden fQr Blei ; Fresenius* Ztsckr. yiii. 118 (Fresenius) ; 
PreuM. ZtBchr. z. 125 (Hampe). 

7 
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26. WET ASSAYS. 

These, if accurate results are to be obtained, are tedious, 
require much time, and, as a necessary condition, require 
the absence of certain substances. These processes re- 
semble the manipulations occurring in chemical analysis, 
and for this reason we will give here only processes which 
can be easily carried out. 

A, Assay hy *gravimetric analysis. 

1. Assays in Bleiherg in Carinthia and other plax^es) 
— 2 grammes (30.86 grains) of galena are powdered as 
fine as possible and heated with nitric acid. When red 
vapors cease to come off, the mass is evaporated nearly to 
dryness with a few drops of sulphuric acid. If much lime 
is present, it is diluted with | of a liter (0.2 pint) of water 
before the sulphuric acid is added, and the evaporation 
with the nitric acid is not carried too far in order to keep 
as much as possible of the lime in solution. It is then 
allowed to cool off, diluted, filtered, and washed until the 
acid reaction of the wash-water ceases. The contents of 
the filter (lead sulphate and insoluble earths, sulphur, 
etc.) are then rinsed off into a beaker glass, and digested 
with a concentrated solution of neutral sodium carbonate 
to convert the lead sulphate into carbonate. It is then 
filtered and washed until the water does not become 
clouded by the addition of barium chloride. The re- 
siduum is heated with diluted nitric or acetic acid to ex- 
tract the lead, filtered, and the filter is washed with hot 
water until acid reaction ceases. The lead is then pre- 
cipitated from the filtrate with as small a quantity of 
sulphuric acid as possible, to prevent a precipitation of 
lime with it. The lead sulphate is filtered, washed with 

I B. u. b. Ztg. 1871, p. 62. 
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hot water, and dried. It is then detached from the filter, 
heated to a red heat, and weighed. There should be at 
the utmost a difference of 0.1 per cent, between assay 
and counter-assay. — Another process is as follows : The 
ore is dissolved in nitro-muriatic acid {aqtm regid) and 
evaporated to dryness. The lead chloride (as also the 
ferric chloride and copper chloride) is extracted by boiling 
water and filtered. The filtrate is neutralized with 
ammonia to the precipitating point. The lead is preci- 
pitated with diluted sulphuric acid, and allowed to stand 
quietly for 6 hours. The lead sulphate is then filtered 
and washed, the filter dried and burned, and the sulphate 
heated and weighed. 

2. Mohr* 8 process. — 1 gramme (15.43 grains) of finely 
powdered galena is boiled in a glass or porcelain vessel 
with hydrochloric acid. To this is added a small piece 
of zinc, and the contents of the vessel is then heated 
until the fluid becomes clear. The precipitated lead is 
washed by decantation and dissolved in diluted nitric 
acid. It is then filtered to free it from adhering insolu- 
ble substances (quartz, heavy spar, etc.). The filtrate is 
very much diluted with water, and the lead is precipitated 
as lead sulphate with sulphuric acid in the same manner 
as in 1. 

Storer^ weighs the lead precipitated with zinc, directly, or dissolves 
it, in case it contains insoluble admixtures, in nitric acid, then weighs 
the residue and obtains the weight of tlie lead from the difference. 
Mascazzini' fuses the impure lead, whicli has been dried, with a 
mixture of 1^ to 2 parts of caustic alkali, 5 pai^s of borax, and 5 
parts of starch. Lowe' frees the lead sulphate from its admixtures 
with earths by dissolving it in sodium hyposulphite, precipitates it 

» Storer, in Fresenlus' Ztschr., ix. 514 ; B. u. b. Ztg. 1870, p. 208 ; 1878, 
p. 91. 

* MsBcazzini, in Dingier, ccvii. 46 ; B. u. h. Ztg. 1878, p. 882. 

* B. a. b. Ztg. 1874, p. 822. 
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as sulphide with sulphuretted hjdrogen, and converts this into sul- 
phate. Riche^ determines the lead as superoxide by electrolysis. 
The galena is dissolved in hydrochloric acid. The clear solution is 
filtered into diluted sulphuric acid, and the lead determined as sul- 
phate. But this must be ignited gently to prevent the volatilization 
of traces of lead chloride which may be present, as this would make 
the result less accurate. 

B. Volumetric processes} — These have been fre* 
quently proposed without any practical success. 

C, Colorimetric processes. — Bischof"* has given a 
method for determining small quantities of lead, which is 
based upon the browning of a solution containing lead, 
by sulphuretted hydrogen. 



n. COFFER. 

27. ORES. 

Native copper. — Sulphuretted ores : copper glance^ 
CuaS, with 79.7 Cu ; erubesdte {purple copper ore)^ 
CugFeSa, with 56.6 Cu ; copper pyrites^ CuFeS2, with 
34.6 Cu. Ores with antimony or arsenic : tetrahedriie 
{Fahlerz), R4Q2S7 (in which R = Cu2, Agj, Fe, Zn, Hg, 
etc., Q = Sb, As), with 16 to 48 Cu, as much as 30 per 
cent, silver, and from to 18 per cent, mercury; hourno- 
nite, PbCuSbSs, with 13.03 Cu and 42.54 Pb; enargite, 
CU3ASS4, with 48.6 Cu. Oxidized copper ores : cuprite 
{red copper)^ CuaO, with 88.8 Cu; malachite^ OUCO4+ 
H2O, with 58 Cu; azurite, CU3C2O7+H2O, with 55.2Cu; 
dioptase (Kieselmalachit), CuSi03+2H20, with 36.7 Cu; 
atacamite^ CU4O3CI2+ 3H2O, with 59.4 Cu ; phosphates of 

» B. u. h. Ztg. 1878, 382.* 

« Mohr, Lelirbuch der Titrirmethode, 1874, p. 460; Fleischer, Titrir- 
methode, 1876, pp. 42, 87, 293 ; Mitchell, Practical Assaying, 1868, p. 397. 
* Fresenius' Ztschr. 1879, p. 48 ; B. u. h. Ztg. 1879, p. 187. 
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copper^ with 30 to 56 Cu ; arsenates of copper^ with 25 to 
50 Cu; cU'pric sulphate or blue vitriol^ CUSO4+ SHjO, with 
25.3 Cu. 

28. DRY ASSAYS.^ 

These, besides consuming much time, and being expen- 
sive, require great experience and are less accurate than 
the wet assays, which are now much employed in smelt- 
ing works for valuing ores. There are two methods, 
known as the German and the Cornwh assay. Both -are 
based upon the principle that copper has a stronger affin- 
ity for sulphur, and less for oxygen, than the foreign 
metals (iron, zinc, antimony, lead, arsenic, etc.) with 
which the ores are contaminated, so that, when they are 
present in an oxidized condition, or have been converted 
into it by roasting, they are mostly slagged off at com- 
paratively low temperatures on being fused (reducing 
fusion) with reducing agents (black flux free from sul- 
phur, potassium carbonate and flour) and solvent agents 
(borax, glass), and only a very small part of them passes 
into the reduced copper (black copper). The latter dur- 
ing the subsequent oxidizing fusion (refining) eliminates 
the foreign metals in an oxidized condition, and is itself 
transformed into refined copper, while the metallic oxides 
which have been formed are either slagged off by the 
Koh'ent agent (borax) or are carried into the cupel by the 
lead oxide. On account of the difficult fusibility of cop- 
per, it is well to add in the reducing fusion collecting and 
Jiqxiefffing agents (such as antimony and arsenic, but lead 
is less well adapted as it may cause losses in the refining). 
The German and Cornish or English methods, which 
undergo modifications accordingly as the copper is com- 



> B. u. h. Ztg. 1867, p. 105. 
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bined with sulphur, antimony, or arsenic, or is oxidized or 
alloyed, are still practised in smelting works, and give 
results which suffice for the business of working copper on 
a large scale. 

A. German copper assay, 

1. Ores with sulphur^ antimony^ or arsenic. 

a. Roasting, — Dead roasting 5 grammes (77.16 grains) 
of ore, or enough of it is dead roasted that the refined 
button of copper, to be turned out on the refining dish, 
does not weigh much over 0.5 gramme (7.71 grains). 
It is then repeatedly rubbed up and treated with coal and 
finally with ammonium carbonate for completely remov- 
ing the sulphur (p. 35) which otherwise would produce 
copper sulphide and occasion losses during reducing 
fusion. A well-roasted sample should be earthy (without 
metallic lustre), have a brownish or black color, should 
not appear sintered, and should neither fume nor smell. 

Pyrite$ is rubbed up two or three times and treated once with pow- 
dered charcoal. — Tetrahedrite, Fahlerz (Hungary) : 10 grammes 
(154.32 grains) of ore are rubbed up ten to twelve times at a Terj low 
roasting temperature, taking them out whenever they commence to 
fume. The ore is then roasted without charcoal for f to 1 hour at a 
temperature nor above red heat, rubbed up, and roasted for 1 hour 
more at a white heat. 

ft. Reducing and solvent fxmon, — The roasted ore is 
well mixed in an iron mortar with \ of the required quan- 
tity of black flux (consisting of 2 to 2| parts of argol and 
1 part of saltpetre, or of 3 parts of potassium carbonate 
and 1 part of flour), a collecting agent (antimony is the 
best) and, if the ore contains no iron, some iron filings 
are added to decrease the slagging of copper in refining 
it on the dish. The mixture is poured by means of the 
mixing scoop (Fig. 6, p. 32) into a suitable crucible of re- 
fractory clay (Fig. 42, p. 67). The remaining § of the 
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flux is then added, upon this is placed a mixture of borax 
and glass, then a covering of common salt and a small 
piece of charcoal. 

Examples of Charges. 



Pyrites (copper) . 
Purple copper ore . 
Tetrahedrite . . 
Matt rich in iron . 
Matt ricli in copper 



Black 
flax. 



Par con t. 

300 
800 
800 
800 
300 



BorAx. 


Glass. 


Antimooj 

(arsenic;. 


Per cent. 


Per cent. 


Per cent. 


50 


40 


10 


40 


40 


10 


30 


25 


6 


40 to 50 


40 


10 


• • • • 


50 to 100 


5 



Iron 
filings. 

Per cent. 



Charges 8uital)le in many cascB : 5 grammes (77.16 grains) of ore, 
12.5 to 15 grammes (192.90 to 231.48 grains) of black flux, 0.3 
gramme (4.63 grains) of antimony, 1.25 grammes (19.29 grains, 1 
small assay spoonful) of borax, 1.5 to 2.5 grammes (23.15 to 38.58 
grains) of glass, and 10 to 15 grammes (154.32 to 231.48 grains) of 
comroon salt; or 5 grammes (77.16 grains) of roasted ore are mixed 
with the same quantity of black flux and put into the crucible. Upon 
this are placed 8 to 10 grammes (123.46 to 154.32 grains) of black flux, 
1 gramme (15.43 grains) of borax, 2.5 grammes (38.58 grains) of glass, 
and a covering of common salt 6 millimeters (0.236 inch) thick. 
'Hungarian fa hlerz : Half of the roasted sample = 5 grammes (77.16 
grains) is mixed with 7 to 8 grammes (108.02 to 123.5 grains) of 
black flux. The mixture is placed upon the same quantity of black 
flux in the crucible and covered with common salt. 

American charge: 10 grammes (154.32 grains) of ore are roasted 
and mixed with 20 grammes (308.64 grains) of black flux, 3 grammes 
(46.29 grains) of borax glass, and 10 to 20 grammes (154.32 to 308.64 
grains) of hematite. Upon this are placed 10 grammes (154.32 
grains) of black flux, 3 grammes (46.29 grains) of wood charcoal, and 
a covering of common salt. Charge for unroasted ores containing 
heavy spar and gypsum : 5 grammes (77.16 grains) of ore, 5 grammes 
of borax glasd, 5 grammes of powdered glass, and 10 per cent, of rosin ; 
and, besides for poor ores, 25 per cent, of iron pyrites if this is not 
already present in the ore. The whole is covered with common salt 
and fused to matt, which is then roasted and treated as above. 

Time required for fusion : f to 1 hour in a red heat in 
the muffle*furnace after the '' flaming" has ceased, or in 
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a wind-furnace after the flames are free. The charcoal 
should be piled high in front of the crucibles in the 
muffle. Indications of a successful assay are : a well- 
fused regulus (which, on account of its brittleness, must 
be carefully freed from slag), without a black coating of 
brittle matt rich in copper, well-fused slag, whose color 
may be black or green, but must not be red, and without 
an admixture of metallic grains. 

c. Refining, — This consists in an oxidizing fusion, 
during which the foreign metallic oxides are sooner 
oxidized than the copper, and are easily separated, either 
at once as easily fusible masses, though this is seldom the 
case, or must be dissolved by fluxes (borax, lead oxide), 
and then separate with these as slag (refining with borax 
on the refining-dish), or are absorbed by the cupel (refin- 
ing with lead). 

Lead is pre-eminently oxidizable. The lead oxide yields its oxygen 
to the foreign metals. It therefore acts as a vigorous oxidizing agent, 
and produces easily fusible combinations, but it contributes to the 
slagging off of the copper, and for this reason the refining process 
with lead is less accurate than that with borax without lead. Ferrous 
oxide, antimony^ and arsenic protect copper from slagging. Nickel 
and cobalt are difficult to separate from copper, and do so only at the 
expense of considerable copper which is slagged off (see assay of 
nickel). Tin and zinc give refractory oxides and slags, and, if present 
in large quantities, the wet method must be employed. Gold and silver 
remain in the refined copper. 

a. Refining on th^ dish. a. With horax. — ^This is the 
most accurate process (to within 1 to | per cent.), and is 
principally adapted for black copper free from lead, or 
which contains iron, arsenic, or antimony. According to 
the size and impurity of the copper button, 1.25 to 2.5 
grammes (19.29 to 38.58 grains) of borax glass are placed, 
either ^vrapped up in a cornet, or by means of an iron 
spoon, in a refining-dish, which stands in the white-hot 
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mufBe, and is surrounded by glowing coals. The copper 
button, weighing from 0.5 to 0.6 gramme (7.71 to 9.26 
grains), is taken up with the curved tongs (Fig. 39, p. 66) 
and placed into the dish. The mouth of the muffle is 
then closed by a plug, or by piling coal in front of it, and 
the button is fused quickly at as high a temperature as 
possible. The mouth of the muffle is then slightly opened 
to allow an access of air. On account of the oxidation 
of the foreign metals (iron, zinc, etc.), the button will at 
first appear dull, but brightens as soon as the foreign 
metals (with the exception of antimony and arsenic) have 
been removed, and fumes from the antimony or arsenic, 
which may have been originally present, or has been 
added as a collecting agent. (The first fumes more 
strongly than the latter, therefore indicating the end of 
the process more plainly.) The completion of the refin- 
ing process may be recognized by the button, which 
remains bright^ ceasing to fume (should the process be 
continued the button would become dull from a covering 
of cuprous oxide); and also, by the subsiding of the 
slag, that is, if the button is not too large, and does not 
weigh much over 0.4 to 0.5 gramme (6.17 to 7.71 grains). 
The dish is then taken out with the curved tongs (Fig. 
466, p. 74), and carefully cooled off upon water until it 
ceases to glow, and then in water, and the button freed 
from slag. The assay is considered successful if the but- 
ton on being flattened shows itself ductile to a certain 
extent, and has a flesh-red color exteriorly. (A small 
residue of antimony and arsenic prevents the button 
from being entirely ductile, and causes its fracture to be 
gray, and equalizes small losses in slagging off.) The 
slag should not be red, or at least scarcely perceptibly so, 
except at the place where the button has lain. Red slag 
indicates, either that the oxidizing process has been car- 
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ried too far, or an absence of iron which otherwise protects 
the copper from slagging off during the reducing fusion, 
as well as during refining. 

b. By itself^ without borax and lead {Hungarian speiss 
assay^) for buttons containing more antimony or lead. — 
The copper button is placed on the white-hot refining- 
dish (p. 66) standing in the muffle, and is fused quickly 
at as high a temperature as possible after the mouth of 
the muffle has been closed. After the fusion is complete 
the mouth of the muffle is opened, the register closed, 
and the dish turned and lifted. This will cause the slag 
formed from foreign oxides to remain behind, and the 
button to roll upon a place free from slag. The refining 
is continued in this manner until the fuming ceases, and 
the now refined button assumes a sea-green color. The 
refining-dish is then pulled slowly towards the mouth of 
the muffle, and taken out as soon as the button brightens. 
The dish is then dipped in hot water, when the button 
can be hammered out without cracking on the edges. It 
should have a red color. It is now weighed, and the 
difference in weight between it and the black copper 
determined. From this the loss of copper, which must 
be placed to the account of the copper, is calculated by 
allowing for plumbiferous copper 1 part for every 10 
parts of black copper lost, and for antimonial and arseni- 
cal copper 2 parts for every 10 parts lost. 

If the ore should contain neither lead, antimony, nor arsenic, a little 
borax is added, and some lead during the fusing process should the 
copper be very refractory, for instance, if it contains much iron, or 
cobalt and nickel. 

c. With lead and borax {Miisen a^say). — The black 
copper obtained from 5 grammes (77.16 grains) of ore 

» B. u. h. Ztg. 1866, No. 28; 1868, No. 12; 1871, p. 235. 
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is fused with 2.5 grammes (38.58 grains) of granulated 
lead and a small quantity of borax. The muffle is slightly 
opened to give access to the air until the copper brightens 
in the continually increasing brownish slag. The dish is 
cooled off in water. A counter-assay with refined copper 
is made, and the loss of copper occurring thereby is added 
to the principal assay. 10 parts of lead will "slag off about 
1 part of copper. — In Mansfeld,, 2.5 grammes of black 
copper were formerly refined with 0.4 gramme of lead. 

,5. Refining hy cupellation, — This method is the most 
suitable one for plumbiferous black copper, and especially 
for quickly obtaining approximate results. But a correc- 
tion {counter-dsaay) is necessary to determine the amount 
of copper slagged off by the lead which becomes oxidized 
during the oxidizing fusion, and then parts with oxygen, 
not only to the foreign metals, carrying them with it 
into the cupel, but also slags off a part of the copper. — 
A quantity of refined copper, equal to the weight of the 
black copper button — for instance, 1 to 1.25 grammes 
(15.43 to 19.29 grains) — is weighed off for the counter- 
assay. The assay sample and the counter-assay sample 
are each wrapped up in a comet. A quantity of granu- 
lated lead, amounting to 2 or 2| times the quantity of 
copper, is weighed off for each copper sample, and each 
also wrapped up in a cornet. Two large-sized cupels 
(Fig. 44, p. 68) are placed along-side each other in the 
a»ntrie of the strongly heated muffle, and are brought to 
a white heat. Upon each is placed one comet with lead, 
and the mouth of the muffle is closed until the lead has 
begun to " drive^^ (that is until the dark film of lead has 
disappeared, and a white strongly fuming surface has made 
its appearance). The muffle is then opened, the cornet 
containing the refined copper is placed in one cupel, and 
that containing the black copper in the other, whereupon 
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the muffle is again closed, and "driving" is quickly re- 
newed at a high temperature. The mouth of the muffle 
is then slightly opened to admit air for the oxidation of 
the lead and the foreign metals, the oxides of which are 
absorbed by the cupels, until the copper buttons brighten. 
As soon as this has ensued a spoonful of coal-dust is 
strewed upon the cupels to prevent the slagging off of 
copper. They are then immediately taken out of the fur- 
nace and thrown into water. Both buttons are weighed, 
and the loss of weight of refined copper is added to the 
weight of the refined button obtained from the black 
copper. 

y. Refining mith the bloicpipe. — 2.5 grammes (38.58 
grains) of ore are roasted, arsenized, and fused as in the 
nickel assay (see § 40). The button is weighed, and 0.05 
to 0.1 gramme (0.77 to 1.54 grain) of it is taken and 
fused Avith borax glass upon charcoal in the inner flame 
of the blowpipe. The oxidizing flame is then used until 
the dull button has become bright; it is then further 
treated upon charcoal without borax in the reducing 
flame before the blowpipe until it ceases to fume. The 
bright copper button is weighed, and the weight calculated 
to the quantity of ore used {RoiJiefibiich smelting works 
near Miisen). 

2. Oxidized substances without sulphur. — These are 
fused to black copper (p. 101) without being roasted, 
and the black copper is refined (p. 104), during which 
a percentage of iron will protect the copper from slagging. 
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Poor ores with ba-sic gangiie 
»' acid " 
" '* basic & acid ** 

Kicher ores 

Very rich ores 

Rich slags 

Poor stags 



1 

Black 


Antimony 


Borax. 


Glass. 


flax. 
Per cent. 


(arsenic;. 




Per cent. 


Per cent. 


Per cent. 


800 


10 


30 to 40 


20 to 25 


800 


10 


60 


15 


800 


13 


30 


80 


800 


5 to 10 


30 to 40 


30 to 40 


300 • 


5 to 10 


80 to 40 ' 80 to 40 


300 


5 


30 


80 


800 


25 to 50 


30 to 50 


15 to 20 



Charcoal 
dust. 

Per cent. 



5tol0 
5 to 10 



From 1 to 10 per cent, of iron filings may be added for refining in 
case the copper contains no iron or other easily oxidizable metals. — 
The process of fusing very poor copper ores in larger quantities is as 
follows: 10 to 15 grammes (154.32 to 231.48 grains) of unroasted ore 
are mixed with 15 to 20 per cent, of iron pyrites (free from copper), 
and 20 per cent, of sulphur, 100 per cent, of borax glass, 100 per cent, 
of glass, and 20 to 25 per cent, of resin are added, and a covering of 
common salt. The charge is then fused to matt (matt assay) in a clay 
crucible. The resulting matt is roasted, etc. — Easily decomposable 
sulphates (cupric sulphate) are decomposed, before they are subjected 
to the reducing fusion, by roasting with an addition of charcoal (p. 35) ; 
sulphates difficult to decompose (cuprous sulphate with calcium and 
barium sulphates) by preliminary fusion to matt. 

3. Alloys of copper. — In case they do not contain too 
many and difficultly oxidizable components (nickel, tin, 
etc.), they are refined in the refining-dish or cupel; other- 
wise the wet method of treatment is preferable. 

B, Cornish copper assay? — This is an imitation of the 
English smelting process in the reverberatory furnace, and 
requires much skill. On account of its inaccurate results 
(involving a loss of from 20 to 40 per cent, of copper, ac- 
cording to the richness of the ore) the wet method has 
been substituted for it even in Cornish smelting works for 
valuing ore in quantity. The following operations are- 
required for ores containing sulphur, antimony, or arsenic : 
A gentle roasting in a suitable crucible (Fig. 40, p. 66); 



1 Mitchell, Manual of Practical Assaying, p. 209. 
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fusing to crude matt in the same crucible. This is then 
roasted, and the roasted assay sample is fused to black 
copper. This is purified by fusing it with oxidizing and 
solvent agents, and the purified black copper is refined 
with oxidizing and solvent agents, and, finally, the slag 
is fused. All operations are carried out in the Cornish 
clay crucibles (Fig. 40, p. 66). 

29. WET ASSAYS. 

These, on account of their greater accuracy and simpler 
execution, have, as a general rule, been substituted for 
dry assays. The choice of one of the numerous wet assays 
depends chiefly on the foreign admixtures (anthnonV, 
arsenic, lead, bismuth, mercury, etc.), and somewhat on 
the richness of the sample. Colorimetric assays are espe- 
cially adapted for poorer ores, and volumetric assays^ if 
many are to be made in quick succession, are preferred 
to (jravimetric assays. 

A. Gravimetric assay. — ^The methods by which the 
copper is determined in the metallic state (Swedish and 
electrolytic assay) are simpler and more convenient to 
execute than those by which the copper is separated and 
determined in combination (determination of copper as 
cuprous sulphide, or as subsulphocyanide). The Swedish 
assay can be executed in less time than the electrolytic 
assay, but it is done at the expence of accuracy, especially 
with poorer ores. 

1. Modified Swedish assay} — ^The cupriferous substance 
is brought into solution with sulphuric or hydrochloric 
acid (nitric acid must not be used, as the precipitated 
copper is again dissolved in it), and the copper precipi- 

* B. Q. h. Ztg. 1869, p. 18. 
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tated with iron or zinc^ and determined either as metal 
or oxide. This plan is not admissible in the presence of 
metals, which are also precipitated by iron and zinc. 

But such metals can be removed during the operation without in- 
jurious effect {lead as sulphate, silver as silver chloride, mercury by 
igniting the precipitated copper) ; or they must be removed by a pre- 
paratory operation {arsefiic by roasting the assay sample with charcoal 
powder, or first by itself, and then with an addition of some iron pyrites 
at not too high a temperature ; tin and antimony by heating with 
moderately diluted sulphuric acid, then adding nitric acid, and heating 
nearly to boiling, and an addition, if necessary, as in the case of 
metallic sulphides, of a few drops of fuming nitric acid. The solution 
is then evaporated to dryness until the fuming ceases. The dry mass 
is dissolved in hot water and filtered, and the solution treated with 
some hydrochloric or nitric acid, etc. ; or, the antimony is removed 
by fusing the a^say sample with potassium hydrate or 'potassium car- 
bonate in a silver crucible, lixiviating the potassium antimoniatc, and 
dissolving the residue; or, the assay sample is dissolved, neutralized 
with soda, and digested with a solution of sodium sulphide to extract 
the antimony, arsenic, and tin in soluble form. It is now filtered, and 
the residue washed and dissolved as above. To separate bismuth by 
analytical methods is a very tedious operation — Ores containing bitu- 
men, for instance cupriferous schists (Kupferschiefer), must be ignited 
to remove the bitumen, before they are dissolved. Impure (black) 
precipitated copper can be further examined according to Parkes' and 
FleitmanH*s volumetric method, to be shortly described. 

a. Precipitation tcith iron. — 1 to 5 grammes (15.43 to 
77.16 grains), according to degree of richness of copper ; 
generally, 2.5 to 5 grammes (38.58 to 77.16 grains) of 
the assay sample are decomposed in a suitable flask (Fig. 
9? p. 38), which is placed in an oblique position, by heat^ 
ing with sulphuric acid, and adding from time to time 
some fuming nitric acid, or potassium chlorate, until the 
separated sulphur, inclosing particles of the ore, is oxi- 
dized as much as possible ; or, the sample is at once dis- 
solved in nqua regia (see also p. 39 for method of de- 
composing metallic sulphides). It is now evaporated to 
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dryness with some sulphuric acid, or until the sulphuric 
acid vapors appear in the flask. A few drops of sulphuric 
acid are added to the dry mass (to dissolve the basic salts), 
and then water is cautiously added ; or, is at once added 
to the (cooled oflF) mass, while it still contains free acid. 
The fluid now entirely free from nitinc add is filtered 
into a glass flask, such as is shown in Fig. 15, p. 42. 
The residue is washed until the wash-water no longer 
produces a red stain upon a piece of bright sheet iron. 
Two pieces of iron wire, 3 to 4 centimeters (1,18 to 1.57 
inches) long, are then added (or, in order to shorten the 
time required for the assay, the fluid may at once be 
filtered into a porcelain dish in which the iron wires lie, 
and copper will then be precipitated during the filtration). 
The filtrate is suflSciently diluted and gently heated until 
a pointed iron wire, when dipped into the fluid, shows no 
reddish stain of copper. The copper is twice decanted 
with cold water in a spacious beaker-glass (to prevent 
the separation of basic iron salts, which are more easily 
formed by hot water), and is then decanted three times 
with boiling water. The flask is now completely filled 
with cold water ; a flat-bottomed porcelain dish, about 80 
millimeters (3,15 inches) wide and 20 millimeters (0.78 
inch) high, is placed bottom upwards on top of it. The 
flask and dish are then inverted. The mouth of the flask 
is held in an oblique position, and the water is allowed to. 
run into the dish until it is nearly full. The flask is left 
standing in the dish until all the copper and the iron 
wires have fallen into the water in the dish (small parti- 
cles of carbon separated from the iron will remain floating 
on the water for some time). The flask is now quietly 
drawn over the side of the dish, which should be some- 
what inclined for the purpose. The iron is freed from 
copper by rubbing with the fingers, which should be 
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rinsed off in the water. The copper is now decanted 
twice with boiling water. This is poured off as com- 
pletely as possible from the copper, which is moistened 
with absolute alcohol, and dried on the water-bath, until 
it has assumed a pulverulent condition. It is allowed to 
cool in the desiccator, and is then brought upon the pan 
of the balance, or into a tared porcelain cracible with the 
aid of a fine brush, and quickly weighed. It is now dried 
for 10 or 15 minutes more, and again weighed until the 
results agree ; or the copper is spread out upon a roasting 
dish and ignited in the muffle-furnace, and the metal 
calculated from the amount of cupric oxide formed (100 
ciipric oxide = 79.88 copper). If the water used in 
decantation shows ^ reddish sediment in the beaker-glass 
it should be filtered, the filter dried and ignited upon the 
scorifier, and the percentage of copper resulting from the 
cupric oxide should be added to the principal yield. 

Correction for iron that may be contained in tlie precipitated copper 
on account of a deposit of basic iron salts: 'The precipitated copper is 
ignited upon the scorifier until it becomes black. The cupric and 
ferric oxides formed are weighed and dissolved in hydrochloric or 
sulphuric acid. The ferric oxide is precipitated with ammonia. The 
solution is filtered upon a small filter of paper. The filter is dried and 
ignited, and the ferric oxide, which may be found, is deducted from 
the combined weight of the cupric and ferric oxides, and the copper 
calculated from the quantity of pure cupric oxide found. Instead of 
decanting the precipitated copper, it may all be filtered, dried, ignited, 
weighed, and dissolved, as above, for obtaining the percentage of iron. 

Pure precipitated copper has a fine copper color. If 
the solution contains antimony and arsenic, it has first a 
copper color, which changes to black, by the antimony 
and arsenic which are precipitated later on. The largest 
portion of the antimony, after the precipitate has been 
evaporated to dryness with sulphuric acid and again 
moistened with water, remains as basic sulphate of anti- 

8 
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mony, while arsenic passes into solution. The residue 
from the solution of the ore, etc., is tested for copper by 
heating it with nitric acid, filtering, and adding ammonia 
in excess (appearance of a blue color indicates copper). 

Instead of two iron wires, a simple one, bent into the form of a, ring 
with one end projecting vertically, may be used. The ring is dipped 
into the liquid contained in a beaker-glass in such a manner that the 
end projects. When the precipitation is complete the copper is rinsed 
from the ring, decanted, etc., as above. — Or a strip of sheet-iron may 
be used instead of the wire, but it must be immediately removed from 
the liquid after the precipitation of the copper is complete to avoid the 
formation of basic iron salts. In solutions that are too concentrated 
the copper adheres too strongly to the iron. 

6. Precipitation with zinc free from lead and arsenic} — 
A solution of the assay sample is prepared with sulphuric 
acid, as described on p. 112, and filtered. A strip of zinc 
is placed in it, and the solution is then heated until a 
bright iron wire held into it shows no copper deposit; 
or until a drop of the -solution placed upon a porcelain 
dish is not browned by sulphuretted hydrogen. The 
strip of zinc is then taken out, and the precipitated cop- 
per is washed off with the wash-bottle. It is filtered, until 
but a small layer of water covering the copper remains. 
A few drops of warm hydrochloric acid are then added to 
dissolve any particles of zinc which may be present. It 
is now decanted, etc., as in the precipitation with iron (p. 
113); or it is filtered as soon as effervescence has ceased, 
quickly washed with hot water, and dried. The copper 
is then detached from the filter, ignited on the cover of a 
porcelain or platinum crucible, or upon a roasting dish in 
the muffle, and the oxide quickly weighed. The black 
crust upon the end of the piece of zinc, which has been 

1 Frcsenius' Ztschr. ffir analyt. Chemic iii. 884 (Mohr und Fresenius). 
Oest. Ztschr. 1868, No. 48 (von Kripp). Erdmann's J. f. pr. Chemie, cii. 477 
(Ullgreen). Darstellung von pulverformigem Zinke in Dingier, cczzviil. 378. 
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(lipped into fluid, is a spongy layer of zinc colored by a 
trace of sulphide of copper. Niclcel^ which is not thrown 
down by iron, is precipitated with zinc, but cobalt is not. 

Granulated zinc may be used instead of a stt*ip, but the granules 
must be completely dissolved by the time the bubbles cease. The 

«)pper is then decanted, etc The cuprous fluid may be filtered into 

a platinum dish, and some hydrochloric acid added to it. It is then 
heated, and a few small pieces of zinc added to it, whereupon the 
copper will deposit itself firmly on the platinum, but loosely on the 
zinc. After precipitation is complete, which fact is to be tested with 
sulphuretted hydrogen, as above, the copper Is rubbed and washed off 
from the zinc. It is then allowed to settle, is decanted, treated with 
hot water, to which some hydrochloric acid has been added; then 
quickly washed with hot water by decantation to prevent the loss of 
any of the copper by solution. It is finally moistened with some abso- 
lute alcohol, dried in a water-bath, or at 110° to 120° C. (230° to 
248° Fahr.), and the tared platinum dish, which has been allowed to 
cool off in the desiccator, is weighed; or the copper, if the. utmost 
accuracy is demanded, is heated in a stream of sulphuretted hydrogen. 
— Cuprous schist (Kupferschiefer):* 5 grammes (77.16 grains) are 
heated with 40 to 50 cubic centimeters (2.44 to 3.05 cubic inches) of 
hydrochloric acid. When the carbonic acid has been expelled, 6 cubic 
centimeters (0.36 cubic inch) of diluted acid, consisting of equal parts 
of nitric acid, of 1.2 specific gravity, and water, are added (to ores 
free from bitumen, or which have been ignited, 1 cubic centimeter 
(0.061 cubic inch) of nitric acid). This is digested for half an hour, 
then boiled for a quarter of an hour. The hot liquid, which should 
contain no free nitric acid, is filtered into a beaker-glass. A small 
rod of zinc upon a strip of platinum is placed in the filtrate, and the 
copper is precipitated, which will require from ^ to | of an hour. 
The precipitated copper is then decanted and dissolved in nitric acid, 
together with that adhering to the platinum, and titrated with a solu- 
tion of potassium cyanide (see p. 127). 

2. Electrolytk assay. ^ — ^The copper is precipitated in 
a coherent film upon a weighed platinum strip by the 

' Fresenins^ ZUchr. viii. 9. 

* Fresenius' Ztscbr. iii. 384 ; vii. 258 ; ix. 102. B. u. h. Ztg. 1800, p. 48, 
181 ; 1872, p. 251 ; 1875, p. 155 ; 1877, p. 6, 82. PreuBB. Ztschr. xvii. Lief. 
3; XX. Lief. 1. Orothe, polyt. Ztschr. 1877, p. 11. 
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galvanic current, from the solution of the nitrate contain- 
ing free nitric acid, which need not be filtered. From 
this solution, z/??c, iron, nicJcel, cobalt, and chromium are 
}iot precipitated by galvanic action. The following are 
precipitated in the form of peroxides at the positive elec- 
trode: namely, lead, manganese, and (partially) silver. 
Mercury is precipitated at the negative electrode in the 
metallic state before copper; silver and bismuth at the 
same time as copper, and selenium, antimony, and arsenic 
only a considerable time later ; the assay, therefore, as a 
general rule, requires the absence of the last-named metals 
and metalloids, which blacken the fine red color of the 
copper. Antimony remains behind, undissolved, when the 
assay sample is dissolved in nitric acid. A large number 
of assays can be carried out at the same time according 
to this very accurate and simple method, which is adapted 
for rich as well as for poor ores, etc. 

It is best to employ for the galvanic current, the Meid- 
inger-Pinkus^ battery^ (with 6 large elements for richer 
copper ores, and 4 small elements for poor ores with less 
than 10 per cent. Cu); or Glamond^s thermo-electric bai' 
<<9ry^ (consisting of a number of zinc and antimony elements 
arranged in the form of a ring, and heated by a gas-flame) 
may be used. If the current is too strong the copper does 
not deposit itself firmly upon the platinum. The copper 
is not precipitated in as pure and coherent a stat^, from 
the solution of the sulphate containing free sulphuric 
acid, and in case iron shoidd be present a part of this is 
thrown down with the copper, while another part is re- 
duced to protoxide. 

1 gramme (15.43 grains) of the assay sample is dis- 

1 Fresenius* Ztschr. xi. 4 (Mansfeld). 
s B. u. h. Ztg. 1875, pp 155, 251, 308. 
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Fig. 49. Fig. 50. 





solved in strong nitric acid and evaporated to dryness in 
a porcelain dish. If necessary, the dish is heated over a 
lamp to bum off any separated sulphur (p. 39). The 
residuum is dissolved in 20 cubic centimeters (1.22 cubic 
inches) of nitric acid of 1.2 sp. gr., and filtered into a 
beaker-glass. The filtrate is diluted to 180 to 200 cubic 
centimeters (10.98 to 12.2 cubic inches), and stirred. 
The ■ platinum spiral a (Fig. 50), weighing about 16 
grammes (246.92 grains), is now 
placed in the beaker-glass. A cone 
of platinum foil (Fig. 49), weighing 
about 20 grammes (308.65 grains), 
is suspended over this from a stand 
in such a manner that, when rich 
ores are to be tested, the cone hangs, 
at the utmost, 1 centimeter (0.39 
inch) above the foot ring b of the 
spiral, but only 0.5 centimeter in case of poorer ores, and 
that a part of the cone shall project above the liquid. 
The cone is connected by means of a wire conductor 
with the negative electrode, and the spiral with the posi- 
tive. The beaker-glass should be covered with a glass 
plate, cut into halves, and each half perforated with a 
hole for the wires to pass through. The strength of 
the galvanic ciurrent used is generally such that 90 to 
100 cubic centimeters (5.49 to 6.1 cubic inches) of water- 
gas will be developed in 30 minutes in the voltameter 
from diluted sulphuric acid (1:12), and as much as 180 
cubic centimeters (10.98 cubic inches) for rich cupriferous 
substances. After an electrolytic action of 12 to 18 hours 
the Uquid is examined in order to ascertain whether the 
whole of the copper has been precipitated, by adding 
some water, and stirring. In case it still contains copper, 
the bright portion of the platinum cone, now partly 
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submerged, will be covered with a red film of copper. 
If no more copper is separated, the beaker-glass is 
placed in a spacious porcelain dish, and the acid liquid 
it contains is displaced by adding water until all acid 
reaction disappears (or the liquid is removed with a 
siphon, and water is added from a wash-bottle until gas 
ceases to develop at the positive electrode). The cone 
of platinum is then taken out and placed in a beaker- 
glass with water. It is then rinsed off with hot water, 
next placed in a beaker-glass filled with absolute alcohol, 
or washed with it, and finally laid upon blotting paper, 
and dried in an air-bath at about 94° C. (201.2° Fahr.). 
(If the operator has some experience this can be done 
quicker upon a piece of sheet-iron heated over a lamp, 
or by holding the cone in the hot air arising from a large 
platinum or silver dish heated by the flame.) After it 
has cooled off the cone is weighed ; and, as its weight 
had beeii accurately ascertained before the operation, the 
weight of the copper will be given by the increase in 
weight of the cone, from which the copper can then be 
dissolved by hot nitric acid. Dark $pots upon the red 
copper indicate the presence of arsenic^ antimony^ or 
selenium. If only small quantities of the first two are 
present, they are very slowly precipitated, or not at all, 
from a strong acid solution, if the current is interrupted, 
while the fluid possesses still a faint bluish color. The 
presence of much iron prevents a complete precipitation 
of the copper, as it (Cu) is dissolved by the ferric sul- 
phate while ferrous oxide is formed, the action of free 
nitric acid upon which, produces blackish-brown circles 
around the platinum cone. When this is observed it is 
a sure indication that the process of precipitating the 
copper has not taken place properly. In this case the 
assay sample is dissolved in 40 cubic centimeters (2.44 
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cubic inches) of nitric acid, and 360 cubic centimeters 
(21.96 cubic inches) of water, using a' stronger galvanic 
current, giving 120 cubic centimeters (7.32 cubic inches) 
of water-gases in Voltage apparatus ; or, what is still better, 
the copper is precipitated from an acid solution by sul- 
phuretted hydrogen, and the copper sulphide dissolved 
in 30 cubic centimeters (1.83 cubic inches) of nitric acid 
of 1.2 specific gravity. It is then digested until the sul- 
phur shows yellow. 200 cubic centimeters (12.2 cubic 
inches) of water are added, and the fluid is then elec- 
trolyzed. 

Herpin} dissolves 1 grHimne (15.43 grains) or more of the assay 
sample in nitric acid, evaporates nearly to dryness, dissolves in a 
small quantity of dilute sulphuric acid, and dilutes the solution to 60 
to 70 cubic centimeters (3.66 to 4.27 cubic inches). The solution is 
poured into the platinum dish A (Fig. 51), 
and the conducting stand B of the dish is 
connected with the negative electrode, the 
platinum spiral C with the positive electrode, 
and the liquid electrolyzed after the funnel D 
has been placed in position. When the cop- 
per has been precipitated, the fluid is poured 
from the dish. This is rinsed out first with 
water, and next with alcohol, then dried and 
weighed, the copper being determined from 
the increase of weight. — Hampe^s^ method of 
testing refined copper : 25 grammes of copper 
are dissolved in a beaker, at a moderate tem- 
perature, in 200 cubic centimeters (12.2 cubic 

inches) of water, and 175 to 180 cubic centimeters (10.68 to 10.98 
cubic inches) of nitric acid of 1.2 specific gravity. . To this are added 
25 grammes of previously diluted sulphuric acid (about 4 cubic centi- 
melerB (0.24 cubic inch) more than is required for transforming the 
nitrate into sulphate). The liquid is then evaporated to dryness in a 
poreelain dish on the water-bath. The dry mass is heated upon a 



Fig. 51. 




1 B. a. h. Ztg. 1875, p. 804. Dingier, ccxvii. 440. 

' PreuBs. Zlschr. xxi. Lief. 5. Fresenius' ZtscUr. xiii. 176. 
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9and-bath until the volatilization of the free salphuric acid is complete. 
The dish is then covered, and, after the mass lias become cool, 20 cubic 
centimeters (1.22 cubic inches) of nitric acid are added to it Water 
is now allowed to flow gradnallj into the dish until the entire voluine 
amounts to 350 cubic centimeters (21.35 cubic inches). The silver is 
removed by the addition of an equivalent qtiantitj of hydrochloric acid. 
The liquid is electrolyzed in a vessel capable of holding from 400 to 450 
cubic centimeters (24.41 to 27.6 cubic inches). The strength of the 
galvanic current used should be such that 130 cubic centimeters (7.93 
cubic inches) of oxy hydrogen giis— -it may vary from 90 to 180 cabic 
centimeters (5.49 to 10.98 cubic inches) — are developed in 30 minutes 
in the voltameter from diluted sulphuric acid (1 :12). The liquid is 
electrolyzed for about 72 hours, the subsequent manipulations being the 

same as above described The presence of small quantities of bismuth 

in the precipitated copper can be determined by tlie following process: 
The copper is dissolved in nitric acid, concentrated hydrochloric acid 
in large excess is added, and the nitric acid boiled away. The excess 
of hydrochloric acid is evaporated on the water-bath, a large quantity 
of boiling water is added, and, after 24 hours', the precipitate, consist- 
ing of basic bismuth and copper salts^s filtered off. The filtrate is dis- 
solved in hydrochloric acid, and again precipitated with water. This 
precipitate is dissolved in nitric acid, and the copper contained therein 
separated by ammonium carbonate. 

3. Determination of (lie copper in the form of cuprous 
sulphide? — ^This demands the absence of metals precipi- 
table from acid solutions with sulphuretted hydrogen, 
and the metallic sulphides of which are not volatilized in 
a heated current of hydrogen {silver^ lead^ bismuth^ cad- 
rniumy antimony^ tin). During the dissolving process, 
lead may be separated by sulphuric acid, antimony and 
tin by nitric acid; mercury and arsenic sidphide are 
volatile. In case a considerable percentage of nickel is 
present, nickel sulphide will be precipitated with sulphu- 
retted hydrogen, which can only be prevented by using 
a large excess of acid. 

1 Bestimmung des Kupfers in knpferhalUgen Kiesen, Abbrauden und 
ausgelaugten Abbranden in Fresenius' Ztschr. xvi. 835. 
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1 to 5 grammes (15.43 to 77.16 grains) of the assay 
sample are decomposed with nitric acid or aqua regia. 
The residue of sulphur is removed by hydrochloric acid 
and potassium chlorate. The liquid is then diluted with 
water and the silver precipitated with common salt. The 
solution is then filtered, heated to about 80° to 100° C. 
(176° to 212° F.), and saturated with sulphuretted hydro- 
gen, the precipitate filtered, after standing about one 
hour, and quickly washed with hot water. The filter is 
dried between blotting paper and next quickly in a hot 
sand bath. The precipitate is detached from it and the 
filter with the addition of some sulphur incinerated upon 
the cover of a tared porcelain evaporating dish which 
contains the copper sulphide. This, afi:er an addition of 
sulphur (0.5 gramme, 7.71 grains), is strongly heated 
for about half an hour, while a current of hydrogen or 
illuminating gas is conducted to it through an opening 
in the cover, or through a perforated mica plate, which has^ 
been placed upon the crucible. CuaS with 79.85 per 
cent, of copper will be formed. (If a current of carbonic 
acid is used, too much CugS is obtained, in consequence of 
the less complete decomposition of the cupric sulphide.) 

Of nickel coins^ 0.5 grammes (7.71 grains) are dis- 
solved in nitric acid and evaporated to dryness with 1 
cubic centimeter (0.06 cubic inch) of sulphuric acid, the 
residue is dissolved in 200 cubic centimeters (12.2 cubic 
inches) of boiling water, and the solution precipitated 
with sulphuretted hydrogen, etc. 

Apparatus^ for igniting in a current of hydrogen (Fig. 52). — a, a 
vessel with water and zinc ; 6, funnel for pouring in sulphuric acid ; 
C) discharge pipe for the gas ; d, drying tube of calcium chloride ; e, 
gas discharge- pipe ; g^ pdrcelain crucible with perforated cover (^Ro$e*8 

* Sicherheltsvorrichtung fUr Wasserstoffentwicklungsapparate in Fre- 
wnios' ZeitscUr. xvi. 98. Poggendorf 's Ann. 1876, Heft. 10. 
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crucible) ; /, lamp. Fig. 58 — a, gas generating (la&k with funnel tube 
b ; c, wash vessel with concentiated sulphuric acid ; d, calcium chlo- 

Fig. 53. 




ride tube ; e, bulb-tube for the reception of the substance. It is advis- 
able to pass the gas first through a solution of potassium permanganate, 



Fig. 53. 




and noxt, a solution of sodium hydrate to free the hydrogen from 
hydrocarbons, etc. 

4. Assay with sulphocyanide} — This method allows 
of the presence of nickel, zinc, iron, and arsenic ; 0.5 to 1 
gramme (7.71 to 15.43 grains), or more, of the assay 
sample is dissolved in nitric acid and evaporated to dry- 
ness with sulphuric acid until the free sulphuric acid is 
comphteh/ expelled. 

The dry mass is now dissolved with a little water and 



' Fresenius* Ztschr. xvii. ^5. 
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a large quantity of sulphurous acid added to the cold solu- 
tion. Potassium sulphocyanide is then gradually added 
until white copper sub-sulphocyanide is precipitated (if 
too much potassium sulphocyanide is added at one time, 
the black sulphocyanide is formed which is only gradually 
reduced to sub-sulphocyanide by sulphurous acid.) A 
sufficient quantity of the sulphocyanide salt has been 
added when the fluid commences to assume a reddish- 
brown color. This coloration is caused by the presence 
of iron, but the fluid will, in a short time, become entirely 
colorless. The precipitate is allowed to settle and is then 
decanted with cold water until a solution of silver nitrate 
is not rendered turbid by the wash water. It is then fil- 
tered upon a previously weighed filter and dried for 12 
hours at 105° to 110° C. (221° to 230° F.), and weighed 
(100 CuaSaCya = 52.2 Cu). In order to control the cor- 
rectness of the result, the filter is incinerated by itself, the 
copper sulphocyanide is heated in a porcelain crucible to 
decompose the sulphocyanide, and is then ignited with 
sulphur in a current of hydrogen, and treated as on page 
121. 

Nickel coins, — 1 gramme (15.43 grains) is dissolved in 10 cubic 
centimeters (0.61 cubic inch) of nitric acid of 1.18 specific gravity, 
and evaporated to dryness with 1 cubic centimeter (0.061 cubic inch) 
of concentrated sulphuric acid. The dry mass is dissolved in a little 
water, and to the solution is added 50 cubic centimeters' (3^05 cubic 
inches) sulphurous acid solution, and 2 grammes (30.87 grains) ol 
potassium sulphocyanide. After having stood for 12 hours it is fil- 
tered, etc. For the determination of nickel in the filtrate see 
** Nickel." 

Copper cdloyed with tin (bronze) — I gramme (15.43 grains) of the 
alloy is dissolved in a mixture of 6 cubic centimeters (0.36 cubic 
inch) of concentrated nitric acid of 1.5 specific gravity with the addi- 
tion of 3 cubic centimeters (0.18 cubic inches) of water. When the 
action of the acid has ceased the contents of the dish is heated for a 
time, and next treated with 40 cubic centimeters (2.44 cubic inches) 
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of boiling water. It is then allowed to settle. Tlie sediment, consist- 
ing of stannic oxide, containing 78.7 per cent, of tin (free from cop- 
per) is washed and weighed. If other proportions of acid are used 
the stannic oxide will be cupriferous. If black specks, which will 
indicate nickel sulphide, show themselves upon solution, some hydro- 
chloric should be added to the nitric acid. Arsenic^ when copper is 
precipitated with potassium sulphocyanide, remains in the filtrate. 
Some sulphurous acid is added, then boiled away, and the arsenic 
precipitated with sulphuretted hydrogen. Iron remains with the nickel, 
and may be separated by twice dissolving and precipitating with am- 
monia. Sulphur is determined by barium chloride. 

B, Volumetric assays} — A large number of precipitat- 
ing methods have been recommended: according to 
Pelouze^ with sodium sulphide ; according to Galetti^ by 
means of potassium ferrocyanide ; according to Schwarz, 
with potassium xanthate; and, according to Vdlhard. 
with potassium sulphocyanide. Of reducing methods, 
the following are recommended, viz. : according to de 
JTaen^ with sodium hyposulphite and potassium iodide ; 
according to Weil^ with protochloride of tin; accord- 
ing to Parkes^ with potassium cyanide; according 
to Schwarz^ with ferric chloride and potassium per- 
manganate, and others. The method with potassium 
cyanide is largely ' used in smelting works, for the 
reason that it is easily executed, and affords a sharp 
final reaction. WdVs method with protochloride of tin 
is also simple, and both methods are particularly well 
adapted for a further test of the impure, black, precipi- 
tated copper obtained in the Swedish assay (pp. 113, 114). 

1. Parkes^ assay with potassium cyanide} — This 

1 Mohr, Lehrb. der Titrirmethode, 1874, pp. 314, 262, 819, 473, 685 ; B. 
u. h. Ztg. 1871, p. 222 (Pelouze) ; 1869, p. 19; 1877, p. 207 (Schwarz); 
1870, p. 447 ; 1872, p. 26 ; Oestr. Zeitschr. 1871, No. xvii. ; Oeslr. Jalirb. 
der Bergakademlen u. 8. w. Bd. xx. p. ISS^Weil) ; Fresenius' Zlschr. 
xvii. 58 (Rhodanprobe). 

« B. u. h. Ztg. 1867, p. 102 ; 1869, p. 18 ; 1871, p. 222 ; 1872, p. 207, 347, 
419. Oestr. Jahrb. xx. 188. 
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method is based upon the reduction of an ammoniacal 
solution of copper by treatment with potassium cyanide. 
The blue color of the solution disappears and colorless 
cyanide of copper and ammonium is formed (4CuN20e 
+ 8KCy + 2Am20 = 4CuCy + 2 AmCy + 8KNO3 + 
2Am,CyO). Foreign metals which give a solution of 
])eculiar color with ammonia (nickel^ cohalt) or which 
form a colorless solution (zinc, manganese) exert a dis- 
turbing effect, as do also such as produce a precipitate 
which it is difficult to free from hydrated oxide of copper 
in washing (ferric oxide^ ahcmina), Lead^ silver^ tin^ 
and antimony may be removed in advance. The pres- 
ence of arsenic is harmless, provided no ferric oxide is 
present at the same time, since ferric arsenate is soluble 
in ammonia. This method is much used in practice, and 
gives sufficiently accurate results, provided the same con- 
ditions are always observed (i. c, uniform dilution, the 
use of the same quantities of acids and ammonia, etc.). 
The following quantities of ore are dissolved : — 

10 grammes (154.82 grains) of ore, ivhen it contains 0.1 to 1 percent. Cu. 
5 " ( 77.16 " ) " " " " 1 to 6 ** *' 

2.5 " ( 38.58 " ) *' *' " *' 5 to 80 " " 

ltoO.5" ( 15.43to7.71 ) " '' " '' 80 to80 " *' 

The assay sample is dissolved in nitric acid and, if it 
contains lead, is evaporated nearly to dryness with sul- 
phuric acid. It is then diluted with water to the bulk of 
\ liter (0.44 pint) and (if the above mentioned injurious 
foreign metals are present) precipitated from the acid 
solution with sulphuretted hydrogen. The precipitate of 
copper sulphide is filtered, and washed on the filter with 
a solution of sulphuretted hydrogen. It is then rinsed 
oif from the filter into the same flask, which was used for 
the solution, and is heated with 10 cubic centimeters 
(0.61 cubic inch) of concentrated nitric acid of 1.41 8i)e- 
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cific gravity until the sulphur is seen to separate in the 
form of globules. Ammonia is now added until precipi- 
tation takes place, then 20 cubic centimeters (1.22 cubic 
inches) of ammonium carbonate solution (1 : 10) are 
added. The quite clear solution is filtered off from the 
sulphur into a beaker glass. The sulphur remaining in 
the flask is treated with hydrochloric acid, and potassium 
chlorate until it is entirely dissolved. It is then evapo- 
rated to dryness on the sand bath, and the residue is 
treated as above with water, ammonia, and carbonate of 
ammonium, and filtered into the principal solution. The 
filter, from which the precipitate of copper sulphide was 
washed off, is spread out in a beaker glass. Water is 
poured over it, a few drops of nitric acid are added to it, 
and it is then boiled for a few minutes. Ammonia and 
carbonate of ammonia are added as above, and the solu- 
tion is likewise filtered into the original solution, which 
is then diluted to the bulk of | liter (0.88 pint) and 
should have only a faint odor of ammonia. 20 cubic 
centimeters (1.22 cubic inches) of the liquid are taken 
and titrated with a solution of potassium cyanide until 
the color has so nearly disappeared that only a faint vio- 
let tint remains (best seen in a porcelain dish) and which 
entirely disappears in from 1 to 2 minutes (by titrating 
at 60° C. (140° F.) the percentage of copper found will 
be somewhat less, but more accurate). 

The potassium cyanide is standardized as follows, and 
should be used in as fresh a condition as possible, viz. : 
5 grammes (77.16 grains) of potassium cyanide are dis- 
solved in J liter (0.44 pint) of water, and 1 gramme 
(15.43 grains) of electrolytic copper, in nitric acid. The 
solution is supersaturated with ammonia and ammonium 
carbonate, and diluted as above, to the bulk of 1 liter 
(1.76 pints). 100 cubic centimeters (6.1 cubic inches) of 
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the solution will then contain 0.1 gramme (1.54 grains) 
of copper from which the potassium cyanide may be 
standardized. 

Capper precipitated with iron (p. 112), or with zinc (p. 114). 
Mansfeld copper schist (Kupferschiefer) may be examined by this 
method by dissolving 5 grammes (77.16 grains) of the precipitated 
copper (p. 115) in from 8 to 16 cubic centimeters (0.48 to 0.97 cubic, 
inch) of nitric acid of 1.2 specific gravity. The solution is gently 
heated, allowed to cool, and is then supersaturated with 10 cubic centi- 
meters (0.61 cubic inch) of a mixture of 1 volume ammonia and 2 volumes 
of water. It is titrated with potassium cyanide, 1 cubic centimeter 
(0.061 cubic inch) of which represents 0.005 gramme (0.077 grain) of 
copper. — It is advisable to preserve the solution of potassium cyanide 
in the dark, in a tightly stoppered flask of green glass. 

2. Fleitmann^a method with ferric chloride? — Copper 
precipitated by zinc, as described on p. 114, is dissolved 
in a mixture of ferric chloride and hydrochloric acid. The 
solution should be made in a glass flask furnished with a 
rubber valve (Fig. 10, p. 39), and with the addition of a 
little sodium carbonate to expel the air. Protochloride 
of iron (Cu+FeaClg = CuCla+'iFeCla) is formed, which 
is titrated with potassium permanganate until a pinkish 
coloration remains permanently. 

The standard of the solution of potassium permanga- 
nate is fixed as follows : 0.2 to 0.3 gramme (3.08 to 4.63 
grains) of piano wire, containing at an average 0.4 per cent, 
carbon, is placed in a flask provided with a mark at 200 
cubic centimeters (12.2 cubic inches) and dissolved in 
diluted sulphuric acid, the air being excluded. It is 
allowed to cool off, and is then diluted to 200 cubic centi- 
meters (12.2 cubic inches) with distilled water previously 
boiled. Solution of i)otassium permanganate (prepared 
as below) is then added, drop by drop, to 100 cubic centi- 
meters (6.1 cubic inches) of the solution of iron until the 

' Ann. d. Chem. u. Pbarni. xcviii. 141. 
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light rose-red coloration remains permanently. This ope- 
ration is repeated with the remaining 100 cubic centime- 
ters of iron solution. From these titrations the value of 
the permanganate may be calculated. The flask, during 
the operation, should be placed upon white paper, as this 
will aid in accurately recognizing the tint of the solution 
which indicates the end of the reaction. The solution 
of potassium permanganate is made by dissolving 4.5 
grammes (69.44 grains) of potassium permanganate in 
1 liter (1.76 pints) of water, when 1 cubic centimeter 
(0.061 cubic inch) of the solution will correspond to 0.008 
gramme (0.12 grain) of iron. It is advisable to have 1 
cubic centimeter of the permanganate solution (0.061 
cubic inch) correspond to from 6 to 10 milligrammes 
(0.92 to 0.15 grain) of iron, as with this strength, one 
drop of the solution will produce a perceptible tint. 1 
equivalent Cu (31.50) = 2 equ. Fe (55.90). Instead of 
using dissolved iron, the strength of the permanganate 
solution may be determined with the double sulphate of 
iron and ammonia, containing 6 eq. HgO, and represent- 
ing 14.286 per cent, of metallic iron. 

« 

If the original solution of copper contains nitric acid, bismuth, or 
lead, it is precipitated with ammonia in excess and filtered. The 
copper is then precipitated with the aid of heat, by means of fineij 
divided zinc, in ammoniacal solution. 

C. Colorimetric methodf^} 

1 . Heine^s assay for poor ores and products (slags^ etc). 
Standard solutions^ containing, respectively, 0.025, 0.02, ' 
0.015, 0.01, and 0.005 gramme to every 120 cubic centi- 
meters (7.32 cubic inches) of liquid are prepared either 
by dissolving a known weight of copper and diluting this 
as much as may be necessary to obtain the separate gra- 
dations of copper, mentioned above, in equal volumes of 

I Dingier, 1857, p. 486. Berggeist, 1867, No. 27. 
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I 

the liquid ; or by directly weighing off the above men- 
tioned quantities of electrol}'tic copper and dissolving 
each with a few dvo\y& of nitric acid in a graduated vessel, 
adding ammonia in excess and diluting the clear, blue 
fluid with distilled water to 120 cubic centimeters (7.32 
cubic inches). The solutions are then introduced into 
oblong sample-glasses, having exactly the same form and 
st^ctional area, about 50 millimeters (1.96 inches) long, 
50 millimeters (1.96 inches) wide, and 110 millimeters 
(4.33 inches) high. They should be closed with ground- 
glass stoppers, and marked on the outside with figures, 
representing the strength of the solutions ; in this case, 
0.025, 0.02, 0.015, 0.01, and 0.005 gramme Cu in 120 
cubic centimeters (7.32 cubic inches). The solution to be 
tested is prepared in the following manner: 5 grammes, 
(77.16 grains), or more, of ore are dissolved, from which 
an ammoniacal copper solution is prepared in the samfe 
manner as in the assay with potassium cyanide (p. 125). 
The volume of the solution is measured to cubic centi- 
meters, and it is then poured into an empty standard- 
glass. The intensity of the color of the solution is com- 
jmred with that of the standard solutions, the glasses 
being held against a sheet of white paper, and it is ob- 
served with which of them it corresponds in intensity of 
color. The percentage of copper is then calculated, due 
consideration being given to its volume. 

Suppose 5 grammes (77.16 grains) of ore had been used, and 300 
cubic centimeters (18.3 cubic inches) of solution had been obtained, 
the color of which corresponded to the standard liquid containing 
0.02 gramme in 120 cubic centimeters (7.32 cubic inches) ; the copper 
in 5 grammes would tlien amount to 1 per cent. (120 : 0.02 = 300 : x). 

If the assay solution is darker than the darkest standard 
solution, it is diluted to a known volume with water, until 
it corresponds with one of the standards. Should the re- 

9 



1 30 ASSAYING. 

verse be the case, the solution under examination is evapo- 
rated to a known volume. This method is less acurate 
where high percentages are involved, as errors in obser- 
vation will be multiplied. It is best to determine in 
this way from 1 to 2 i)er cent, of copper at the utmost. 

In precipitating copper solutions containing iron, by means of am- 
monia, the ferric hydrate^ always retains some copper. This error i? 
equalized by adding, in preparing the standard solutions, a quantity of 
iron corresponding a1)out to the percentage of iron in the assay sample 
(assay of slag in Swansea). Organic substances, in presence of nitric 
acid, produce with ammonia a greenish tint, whicli exerts a disturb- 
ing effect in comparing the color of the copper solution (therefore^ 
copper-schist should be ignited and filters incinerated before they are 
brought in contact with nitric acid). Ammoniacal solutions which mar 
become turbid (for instance, if diluted with ordinary water containing 
lead) are allowed to become clear, and are filtered once more. 

2. Jaquelin-Huherfa method for considerable percent- 
ages of copper. — Only one normal or standard solution of 
known strength is used. This is compared with the 
solution under examination in a graduated glass tube 
(calibrated). If richer than the standard, the assay solu- 
tion is diluted to correspond with the former; and if 
poorer, the standard sohition is correspondingly diluted, 
until an equal intensity of color has been obtained. From 
the relative volumes the percentage of copper is then 
readily calculated. The standard solution contains 0.5 
gramme (7,71 grains) of copper in 1000 cubic centime- 
ters (61.02 cubic inches). As errors of observation may 
easily occur, a gravimetric or volumetric assay is fre- 
quently preferred for larger percentages of copper. 

> B. u. li. Ztg. 1S69, p. 302. 
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m. SILVER. 

30. PRINCIPAL ORES. 

Native diver ; amalgam^ Ag and Hg, with 26.5 to 86 Ag ; 
antimonial mlver^ Ag and Sb, with 59 to 84 Ag; silver 
iellnride (kesdte% AggTe^ with 62.79 Ag; silver glance, 
Ag2 S, with 87. 1 Ag ; brittle silver ore (sfephanite), 
AgjSb S4, with 68.56 Ag ; rub?/ silver {pyrargyrite), 
Aga (Sb, As) S3, with 65.38 to 59.98 Ag; miargyrite, 
AgSbS^, with 35.86 Ag; polybasite, Ag(Cu,Fe,Zn)9Sb 
( As)Se, with 64 to 75 Ag ; stromeyerite, CuAgS, with 
53 Ag; horn silver, AgCl, with 75.26 Ag; iodyrite (silver 
iodide) Agl, with 46 Ag; bromyrite (silver bromide) 
AgBr, with 57.45 Ag. 

31. ASSAYS FOR NON- ALLOYS.^ 

The fire-assay methods are based upon the principle 
of decomposing the silver ore • by means of lead or lead 
oxide, collecting the silver thus set free with an excess of 
the lead, the slagging off of foreign substances by suitable 
fluxes, and the cupellation of the lead button to separate 
the silver. The collection of silver in a lead button is 
effected, according to the nature of the foreign admix- 
tures, either in a scorifier (scorification assay) or in a 
crucible (crucible assay). 

The crncible assay permits of a large quantity of assay sample beirg 
used (which reduces the error from a loss of silver), and for this rea- 
son, it may be especially recommended for poor ores and such com- 
poands as are free from antimony and arsenic (chloride, bromide, and 

' B1o«8om, Gold and 8ilyer Assays, in Am. Chemist, Jan. 1871, p. 250; 
Aaron, Pract. Treatise on Testing and Working Silyer Ores, San Fran- 
ciico, 1877. 
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iodide of silver and slags), and also for ores or sweepings of a very 
complex composition. The scorijication assay is better adapted for 
ores containing sulpliur, antimony, and arsenic, though likewise for 
other ores, so that this may be called an assay of general applicabilitr : 
but, nevertheless, for the Jirst-named ores, etc., the crucible assay is 
simpler and cheaper and the result is more quickly attained. In 
America the crucible assay is chiefly used, while the scorijication 
assay is preferred in Germany^ although neither possesses any mate- 
rial advantage over the other.^ 

Wet assays are less commonly used. 

I. Fire Assays. 

A. CoTleciing the silver imth lead, 

1. Sccnnficati(yn assay. — ^This consists of an oxidizing 
fusion of the ores with lead, which becomes oxidized and 
yields up oxygen to the metallic sulphides, arsenides, and 
antimonides, forms a slag with the oxides thus formed 
and with the earths which may be present. The slagging 
off of basic earths is promoted by an addition of borax 
glass. The following points must be taken into conside- 
ration in preparing the charge. 

a. The quantity of lead to be used will depend ou 
whether the metallic sulphides, arsenides, and antimo- 
nides are easily or difficultly decomposed by lead oxide 
(p. 79), or whether they are entirely absent. Either gran- 
ulated lead free from silver, which is measured (p. 31), is 
used, or argentiferous lead, whose percentage of silver is 
deducted from the assay by placing the silver button ob- 
tained from a corresponding quantity in the balance pan 
with the weights in weighing. 

Lead sulphide is the easiest to decompose, next the sulphides of iron 
and zinc^ and then copper sulphide. The most difficult are the W- 
phurized and arsenized nickel and cobalt ores. 

« B. u. h. Ztg. 1867, p. 102 ; 1874, p. 68 ; 1877. p. 232. 



SIL^^:R — assays for non-alloys. 133 

fe. The quantity of borax depends on the degree of in- 
fusibility of the gangue (silicic acid and aluminous sub- 
stances require but little, and lime and magnesia, much 
borax) and of the metallic oxides which are formed 
(ferric oxide, zinc oxide, stannic oxide, and nickel and 
cobalt ores require much, oxides of copper, bismuth, etc. 
but little). 

In all cases, but little borax should be taken at first, to prevent the 
entire surface of the charge from being covered, as this would exclude 
the air. If more borax is necessary, it is added before the final heat- 
ing. Much antimony and zinc oxide cause the cupels to become full 
of cracks. * 

e. The number of samples to be taken to control the 
accuracy of results will vary according to the richness of 
the ores, their want of uniformity, etc., from 2 to 10 or 
more. 

d. If the ore contains less than 1 per cent, of silver, 5 
grammes (77.16 grains) or about \ A. T.^ are taken for a 
charge, if more than 1 per cent., 2.5 grammes (38.58 
grains) (from -^ to ^ A. T.), and of very rich ores, 1 to 
0.5 gramme (15.43 to 7.71 grains) or about ^^ to -^ A, 
T. In assaying very poor ores, the lead buttons obtained 
by scorification are concentrated by further scorification. 

The following table gives some examples of various 
diarges : — 

1 Assay ton =29. 166 grammes. 
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Argentiferous subtiaftCM. 



Test lead: 

time* Che 

qaaatity 

of 

sabstance. 



Borax 

KUm : 

per cent. 



Amalgamation refiidues 



Antimonial ores . . . 

Antimonial silver . . 
German-silver, or China 

silver 

Arsenical ores . . . 

Galena, pure . . . . 

'* siliceous. . . 

^* zinciferous . . 

Lead speiss . . . . 



Lead matt . . . . 

*^ nickeliferous . 

fironze 

Darrlcupfer . . . 
Milling silver ores — 

common . * . . 

basic 

acid 

siliceous . . . . 
Iron, cast iron . . 

Fluthafter . . . . 



Refined copper . . 

Sweepings, argentifer- 
ous and auriferous 
Hearth bottoms . . 
Gun-metal .... 



12 to 15 to 15 



16 

82 
20 to 24 

tola 

6 
I toll 
10 to 20 



200 

800 
to 40 

to 50 

to 15 
20 to 80 
15 to 25 



9 to 20 
11 to 14 
20 to 24 



12 to 25 
20 to 25 



18 to 20 10 



Kiebnstocke . . 
Cobalt iferous ores 
Cupriferous ores . 



12 to 15 

8 

8 

12 to 14 

8 to 12 



12 to 15 



to 15 
25 to 50 

0to20 
10 to 15 

2 to 8 
1 glass 

15 



18 to 20 

8 to 9 

8 
20 to 24 

18 to 20 

20 
10 to 20 



lto5 

0to20 

10 to 20 
20 to 25 

10 
15 to 20 
10 to 15 



Remarks. 



Two assay samples, each 5 
grammes (77.16 grains, or say 
^ A. T. ) are scorified, and the 
two buttons obtained are cup- 
elled. 

Assay sample 1.25 grammes, 
about ^5 A. T. 

The same. 

2.5 grammes (88.58 grains, ^ to 
AA.T.). 

Require a high temperature m 
scorifying. 



2.5 grammes (38.58 grains, iV 
to y',^ A. T.) are used for the 
charge. The buttons obtained 
from two assays are again 
fused, with a little borax at 
first, then with addition of 
more. 



2.5 grammes (38. 58 grains, from 
tV *o tV ^' T.) are used and 
repeatedly scorified. 

Charge same as above. 



The iron is first oxidized in the 
muffle by admittinc; air, or by 
means of nitric acid. 

Several assays, as many as 30, 
are made, and the lead buttons 
obtained are scorified into one, 
and this is cupelled. 

Charge 2.5 grammes (38.58 
grains, ^^^ to ^^ A. T.). 

See p. 22. 



Charge 2.5 grammes (38.58 

grains, ^ to y'j A. T.). 
The same. 
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1 

JTest leftd : I 




times the Borax 




Argeatiferoas sabsiaaeea. 


qoaotity | glass: 
of per cent. 


Remarks. 




substance. 




Copper matt .... 


12 to 15 10 to 15 




BrasB I20to24;15to20 


Tlie same. 


Nickeliferous ores . .1 20 


15 to 20 


The same. 


Furnace deposits. . .12 to 14 


10 to 15 




Raw matt 10 to 12 


to 30 


Only a small quantity of borax 
at first. 


Slags 12 to 15 10 to 15 


The same as fluthafter. 


Black copper . . . . 18 to 20 


10 to 15 


Charge 2.5 grammes (38.58 
grains, ^V ^ 1*1 A.. T.). 


Residue from tlie amal- 


•» 






gamation of black cop- 
per and extraction of 


8tol0 ItolO 


Tlie same. 


silver 








Ztnciferons ores . . 


10 to 16 , 15 to 25 


Fusion at a high temperature. 


Argentiferous zinc . . 


16 


16 


Charge 1.25 grammes (19 29 
grains, about ^ A. T.) of zinc 


* 


1 
1 


oxide with 16 parts of lead and 
16 parts of borax. 


Stanniferous ores . . 20 to 80 


15 to 25 


They are scorified several times. 


Argentiferous tin . . 


16 


16 


Charge 1.25 grammes (19.29 
grains, about ^ A.T.) of stan- 
nic oxide, with 16 parts of 


1 




lead and 4 parts borax glass. 



The quantity of test lead required according to the 
foregoing table is measured or weighed off, and divided 
approximately into two parts. The accumtely weighed 
assay sample is mixed with one-half of the lead in the 
bottom of the scorifi^r, and the mixture is covered over 
with the remaining part of the lead, and finally the borax 
is added. The charged scorifier is placed in a strongly 
heated muffle, the mouth of which is closed, and a strong 
draft kept up for the purpose. The lead will soon com- 
mence to fuse, and in sinking down absorb silver from 
the ore. This, on rising to the surface, is roasted off, and 
is strongly oxidized by the lead oxide formed at the same 
time. During the oxidation slag is formed from the edges 
of the scorifier, by the combination of another part of the 
lead oxide with the metallic oxides and earths that are 
present, and with the borax. The time required for this 
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first heating (roasting and fusing) is from 25 to 30 minutes 
when a completely fused ring of slag, without adherence 
to the edge of the scorifier, will show itself. (Refractory 
ores, such, for instance, as contain zinc, cobalt, and nickel, 
or which contain considerable lime, require the strongest 
heat, and, should they not completely fuse even then, a 
sufficiently large addition of borax must be made before 
the final heating.) The second period is that of the 
" scarification.^^ The fire is checked, and the mouth of 
the muffle is opened, imtil, by the continued oxidation of 
the lead and foreign metallic compounds, the entire sur- 
face of the lead is covered with slag. This wUl require 
from 20 to 30 minutes. The mouth of the muffle is then 
closed, the heat raised, and a final heating of 10 to 15 
minutes is given to render the slag completely fluid. The 
scorifier is now taken from the furnace, and allowed to 
cool in the scorifier or poured off. After cooling off, the 
lead button is carefully freed from slag and hammered 
into the form of a cube, with truncated edges and comers. 
The time required for the entire operation wUl be fi:om 
f to IJ hour, according to the degree of fusibility of the 
ores. When the ores are very poor, a number of the 
lead buttons which have been obtained are placed on a 
scorifier, either with or without borax, and scorified as 
indicated above. If necessary the concentration is re- 
peated until finally one button containing the entire per- 
centage of silver is obtained. A second scorification is 
also advisable, in case the button be too large^ or when it 
contains much antimony^ arsenic^ or copper. A percent^ 
age of nickel will exert a disturbing influence in cupella- 
tion. A cupel will usually absorb about its own weight 
of litharge, from which the proper size of the button may 
be estimated. 
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Hungary : ^ Two samples each of 2.5 grammes (38.58 grains, about 
^^ A. T.) are each charged with 8 to 16 parts of granulated lead, in 
such a manner that one-third of it is mixed with the ore and some 
silver flux (2 parts of melted Villach litharge and* 1 part of calcined 
borax), and covered with the remaining two-thirds. Lower Harz : 
5 grammes (77.16 grains, ab. ^ A. T.) are mixed in the scorifier with 
50 grammes (771.61 grains) of granulated lead and 0.75 to 1 gramme 
(11.57 to 15.43 grains) of borax, and covered with 0.5 gramme (7-71 
grains) of borax. The cupels consist of 3 parts wood-ash and 1 part 
bone-ash. 

With chloridized ores : A charge of 5 to 10 grammes (77.16 to 
154.32 grains, ^ to ^ A. T.) of the ore is scorified with ten times 
it^ weight of lead, and cupelled to determine the percentage of silver. 
In a second sample the silver chloride is dissolved out by lixiviation 
with sodium hyposulphite, and the residue is scorified, etc., for the 
estimation of the unchloridized silver. 

2. Crucible assay. — In this method of assaying, the ore 
is fiised with lead oxide (litharge, white lead), in order 
to decompose the metallic sulphides (p. 78), with flux- 
ing agents (potash, borax), for slagging off oxide and 
earths, and with some carbonaceous substance (charcoal 
powder, flour, argol, black flux), for reducing tKe 
lead which then collects the silver. The quantity of 
the reducing agent will depend on the reducing power 
of the ore. It should be so gauged that the lead 
button produced shall not be too large in order to pre- 
vent a notable loss of silver in cupellation. Ores con- 
taining a large percentage of antimony, arsenic, and zinc 
should be previously roasted, to prevent the formation ot 
oxysiUphides, etc., which are diflicult to decompose, and 
which carry silver along with them into the slag; 5 
grammes (77.16 grains, ab. \ A. T.) of the finely pow- 
dered ore are mixed in a crucible with 40 grammes 
(617.29 grains) of a flux consisting of 1.5 parts of lith- 

* « B. u. h. Ztg. 1871, p. 254. 
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atge, 0.15 part of potassium carbonate, and 0.08 part of 
flour. This is covered with 25 grammes (385.80 grains) 
of litharge, and this in turn with about 4 grammes (61.73 
grains) of borax. The crucible should have smooth sides, 
a diameter of 45 millimeters (1.77 inches) at the top, and 
of 30 millimeters (1.18 inches) at the bottom, an inside 
height of 145 millimeters (5.70 inches), and outside of 165 
millimeters (6.49 inches). The charged crucible is then 
placed in the furnace upon a bed of glowing coke, which 
should cover the grate to a height of from 100 to 150 mil- 
limeters (3.93 to 5.9 inches), and is then surrounded up 
to its rim with wood charcoal. The furnace is left open 
for the first quarter of an hour. After the coal has been 
replenished, the cover of the furnace is put on and the 
fusing is continued for a quarter of an hour longer. The 
crucible is then taken out, allowed to cool, and the lead 
button, which should weigh from 20 to 25 grammes 
(308.64 to 385.80 grains) is freed from slag. (Chile.) 
The same quantity of litharge as used for the assay is 
fused at the same time, but without ore, with fluxing 
agents. The lead button is freed from slag and cupelled, 
to determine the percentage of silver, which must be de- 
ducted from the assay-button. Or, 5 grammes (77. 1 6 grains, 
ab. ^ A. T.) of ore are fused with 50 grammes (771.61 
grains) of lithage, 2 grammes (30.87 grains) of argol, 
12 grammes (185.19 grains) of sodium carbonate, with 
a covering of common salt, and the resulting lead button 
is cupelled. White lead is sufficiently free from sUver. 

Mexican charge:^ 20 grammes (308.64 grains, about f A. T.) of 
ore, 66 grammes (1018.53 grains) of litharge, tiie same quantity of 
sodium carbonate, and 3 grammes (46.30 grains) of charcoal powder 
are mixed in a crucible of the above dimensions and covered with 20 
grammes (308.64 grains) of common salt. 40 assays are put in the 

I B. u. h. Ztg. 1874, p. 86. 
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furnace and fused, first, for a quarter of an hour, during which the 
furnace is left open. It is then closed, and the assays are fused for a 
half an hour longer. 66 grammes (1018.53 grains) of litharge are re- 
duced, and the amount of silver found is deducted. — Another charge is 
as follows: 16 grammes (246.92 grains, ahout ^ A. T.) of ore, 48 
grammes (740.75 grains) of litharge, 60 grammes (925.94 grains) of 
sodium carbonat^^, 16 to 20 grammes (246.92 to 308.65 grains) of 
powdered charcoal, which is omitted when a large percentage of iron 
pyrites is present. — Another charge is : 2 grammes (30.87 grains, 
about ^ A. T.) of ore, 25 grammes (385.80 grains) of litharge, 10 
grammes (154.32 grains) of sodium carbonate, and a covering of com- 
mon salt. — Spain :^ 5 grammes (77.16 grains, about ^ A. T.) of ore 
are fused in a crucible with 20 grammes (308.65 grains) of litharge, 
borax, black flux, or potassium carbonate and flour, with a covering 
of common salt. — English charge: 10 grammes (154.32 grains, about 
^ A. T.) of ore, the same quantity of sodium carbonate, 50 grammes 
(771.61 grains) of litharge, and 1 to 1.5 grammes (15.43 to 23.15 
grains) of argol, with a covering of 10 gi*amme8 (154.32 grains) of 
common salt and the same quantity of borax. — Gold and stiver 
sweeping $ : 10 grammes (154.32 grains) of borax and the same quan- 
tity of argol are poured into a crucible with smooth sides, 75 millime- 
ters (2.95 inches) in diameter on the top, and 110 millimeter (4.33 
inches) high ; upon this are placed 20 grammes (308.64 grains) of 
litharge. The sides of the crucible are moistened by gently breathing 
upon them, it is then inclined and turned in such manner that litharge 
adheres to the sides about | the way up. 15 grammes (231.48 grains) 
of potassium carbonate and 25 grammes (385.80 grains) of sweepings 
are then added, and the entire mass is thoroughly mixed together with 
a broad spatula. It is then covered with 10 grammes (154.32 grains) 
of sodium carbonate, and upon this comes a layer of common salt 1 2 
millimeters (0.47 inch) thick, and finally 5 grammes (77.16 grains) 
of litharge are strewed around the sides of the crucible. The furnace 
is filled with pieces of gas-coke the size of a walnut, the coke, when 
it is in a glow, is stamped down, and from 6 to 8 crucibles are placed 
in the fire in such a manner that the edge of the crucible projects but 
little above the coke. ^ The furnace is then closed, and the heat gradu- 
ally increased until the charge ceases to swell up. The temperature 
18 then quickly raised for from 15 to 20 minutes, until the charges 

> B. n. h. Ztg. 1868, p. 26. 
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have become thin fluid and flow bright and uniform. The operation 
is therefore finished in about half of an hour. The crucibles are now 
allowed to cool, and the buttons weighing about 22 grammes (339.51 
grains) are freed from slag and then cupelled. (In assays of large 
lots of ore five assays are made.) — Other charges for sweepings : 2.3 
grammes (385.80 grains, about J A. T.) of sweepings, the same quan- 
tity of minium, 35 grammes (540.13 grains) of flux (prepared by mix- 
ing 600 parts of potassium carbonate, 200 parts borax, 100 parts 
glass-galls, 100 parts soda, 30 parts saltpetre, 30 parts powdered char- 
coal); or, 25 grammes (385.80 grains) of sweepings, 20 grammes 
(308.64 grains) of common salt, the same quantity of sodium car- 
bonate and of potassium carbonate, 25 grammes (385.80 grains) of 
litharge, 10 grammes (154.32 grains) of argol, and the same quantity 
of powdered glass ; or, 25 grammes (385.80 grains) of sweepings, 20 
grammes (308.64 grains) of litharge, 25 grammes (385.80 grains) of 
flux (1 part potassium carbonate and 1 sodium carbonate), and a co%'- 
ering of common salt. The charge is kept in the furnace until quiet 
fusion, requiring about three-quarters of an hour (Braubach) — Slags: 
10 grammes (154.32 grains, about ^ A. T.) of slag, 150 to 160 grammes 
(2314.85 to 2469.17 grains) of litharge, 2.5 grammes (38.58 grains) ot 
quartz, and 0.25 gramme (3.85 grains) of charcoal powder. The 
charge is fused in a crucible for 20 minutes after the development of 
gas in the furnate has ceased, and the buttons of two charges are cu- 
pelled together (Pribram). — Freiberg: 7.5 grammes (115.74 grains, 
about ^ A. T.) of slag are mixed in a crucible with 11 to 15 grammes 
(169.76 to 231.48 grains) of potassium carbonate and flour, 19 to 30 
grammes (293.21 to 462.97 grains) of granulated lead are strewed on 
top, and. the charge is fused for 3 hours in the furnace — Re/use from 
stamping mills: 10 grammes (154.32 grains, about ^ A. T.) of sub- 
stance are mixed in a high crucible (Fig. 39, p. 66) with 60 to 120 
grammes (925.94 to 1851.88 grains) of potassium carbonate and flour ; 
upon this is placed 50 to 100 per cent, of borax, next 10 to 15 grammes 
(154.32 to 231.48 grains) of granulated lead, and Anally a covering of 
common salt. It is fused in the muflSe-furnace for 1^ to 2 hours. 

3. Combined lead and silver assay. — ^This method of 
assaying is used for oxidized lead products (litharge, skim- 
mings, dross), and for galena with at least 30 to 40 
per cent, of lead, and not over 0.12 per cent, of silver. 
Such galena, after the assay with potassium carbonate, 
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as described on page 92, is fused to a lead button, which 
is then cupelled. This method is not satisfactory after 
the preliminary assay with iron (p. 86), as the iron sul- 
phide will retain silver in varying quantities in the slag. 

Litharge : 20 grammes (308.64 grains, ab. | A. T.) lith- 
arge, 15 grammes (231.48 grains) potassium carbonate 
and flour, and 5 to 6 per cent, of powdered charcoal, with 
a covering of common salt, are placed in a crucible and 
fused in the muffle-furnace. If necessarv, several of the 
buttons are concentrated by scorification (p. 136) and 
cupelled. Sicimminga and dross are charged in the same 
manner ; but, should they be very impure, the lead but- 
tons must be scorified with 4 to 8 times their weight of 
granulated lead before they are cupelled. 

B. Capellatioii of the argentiferous lead {assayi.ng hy 
the cupel or cupellation). — The lead buttons obtained ac- 
cording to A Nos. 1 to 3 (pp. 132-141) are subjected to 
oxidizing fusion. During this operation the lead is first 
oxidized ; the lead oxide yields up oxygen partly to the 
foreign metals, and partly combines with their oxides ; and 
if they are not too refractory (as, for instance, ferric and 
stannic oxide, etc.), enters with them into the cupel. 

If the lead contains much antimony and ztnc^ it is apt to cause 
cracks in the cupels ; copper colors them green, and the percentage of 
copper may be quantitatively determined within certain narrow limits 
by the intensity of the color. 

The cupels (Fig. 44, p. 68), first carefully wiped out 
with the fingers, then all extraneous matter blown out, 
are thoroughly- heated (ignited) in the muflfie. They 
are arranged in two rows, six in each row, in the front 
third of the muffle.^ The lead buttons are now laid 



* Hempers gas-fnrnace with oxidizing apparatus in Fresenius* Ztschr. 
XTi. 454; xvili. 404. 
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hold of with a pair of forceps (Fig. 46J, p. 74) and 
gently deposited, first in the front and then in the back 
rpw of crucibles. The mouth of the muffle is closed, the 
fire is urged on, and the lead fused as quickly as possible. 
The lead will at first be covered with a dull, dark film. 
As soon as this disappears, and the lead shows a lustrous, 
fuming surface, the mouth of the muffle is opened (with 
the exception of a low piece of charcoal which is left in 
it) for the admission of air to oxidize the lead, and the 
temperature is lowered, by ceasing to stir the fire, to 
lessen the loss of silver. Cold scorifiers are placed in 
several rows above each other back of the cupels, and, if 
the argentiferous lead is very rich, the cooling-iron (Fig. 
48, p. 74), which should be frequently cooled off in water, 
is moved to and fro closely over the cupels. The correct 
temperature is indicated by the arising lead fumes whirling 
over the assays, and not slowly creeping over them or rising 
straight up ; by the cupels glowing dark brown, by small 
scales of crystallized litharge (plumose litharge, Feder- 
glatte) showing themselves on the inner edge, and by a 
bright but not too wide border of lithai^e upon the lead. 
If the temperature is too low, the fume creeps slowly over 
the cupels; these become too dark, a dark rim of litharge 
is formed, and the lead ceases to '* drive." This is c4illcd 
a "/r66zmgr" of the assay. Frozen assays, if again brought 
to " driving" by a higher heat, and generally some addi- 
tion of lead, cause a considerable loss of silver. By too 
high a temperature, the lead fumes arise up straight, the 
cupels glow too brightly, neither plumose litharge (Feder- 
glatt) nor a rim of litharge shows itself, and the loss of 
silver increases. At the correct temperature small beads 
of litharge float upon the surface of the lead button, the 
heat to which it is subjected causing convection currents, 
which give the button a motion from below upwards 
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("driving"), and a convex surface from which the lumin- 
ous beads and patches of litharge are continually thrown 
towards the sides, and are there absorbed by the cupel. 
As soon as these patches upon the diminishing lead become 
larger towards the end, the scorifiers, which had been 
placed back of the cupels, are removed, the cooling with the 
cooling-iron is stopped, and the fire is urged on. Towards 
the end the last of the lead is absorbed, and the silver 
button presents itself colored with all the tints of the rain- 
bow {brightening^ cone^cafo'o/i), which gradually disappear, 
whereupon the button solidifies. (If the temperature has 
been too low, the surface of the button is dull and yellow, 
and the unabsorbed litharge forms lumps or scales about 
it ; while otherwise, it is pure silver- white on top and bot- 
tom, and very lustrous.) If the bead is large the cupels 
are allowed to cool off slowly by drawing them to the 
front of the muffle, to prevent the buttons from ^' sprout- 
ing^^ or '^ spitting. ^^ They are then taken out upon a 
piece of sheet^iron, and the buttons (generally of 99.7 to 
99.8 per cent, pure silver) are detached by means of a 
pair of pincers (p. 75), and brushed off with the button- 
brush (p. 75). Faultless buttons brightened at a suffi- 
ciently high temperature (smaller ones are round, larger 
ones hemispherical) should have a silvery lustre on the 
surface, be dull silver-white and crystalline on the bottom, 
and without rootlets. They are then weighed. The 
globule of silver obtained from the separately scorified 
and cupelled granidated lead, if this was not entirely free 
from silver, is placed in the scale-pan containing the 
weights ; or, the silver percentage of the lead having been 
determined once for all, it may be deducted from the 
results obtained. 

Assays of silver should agree very closely, and if properly conducted 
&re of great accuracy. The results of duplicate assays should not differ 
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from each other more than one-half ounce Troy per ton of two thousand 
pounds. Should a greater difference be found, an additional assay 
should be made. 

Smaller losses of silver occur in scorifying (which for 
this reason should be continued as long as possible, so as 
to obtain small lead-buttons requiring but a short time 
for "driving") than in cupelling, by the volatilization of 
silver, and by the silver oxide passing into the cupel 
with the lead oxide by which it has been oxidized (loss 
by cupellation, Kapellenzug). The loss increases with 
the temperature and the size of the button, and for 
this reason, with the time required for cupelling, as well 
as with the porosity of the cupels. The percentage of 
loss is considerably larger (2 to 4 per cent.) in smaller 
buttons (poorer ores) than in larger buttons (1 to If per 
cent.), but in the first case can generally not be deter- 
mined by the balance. The smallest loss occurs in gas 
muffle-furnaces (Fig. 29, p. 55), which have no vent- 
holes in the muffle. In case the ore contains telhmum^ 
the button spouts at the moment of solidification, after 
brightening, and fine globules of the metal are thrown oiF 
and lost. 

II. Wet Assays, 

Balling^s vohimetric assay? — 2 to 5 grammes (30.87 to 
77.16 grains) of galena are fused in a porcelain crucible 
with 3 to 4 times its weight of a mixture of equal parts 
of saltpetre and soda. This is allowed to cool off; the 
contents of the crucible are lixiviated with water, heated 
in a porcelain dish, and filtered. The residue is decom- 
posed with diluted nitric acid, and evaporated to dryness. 
The dry mass is then taken up with water acidulated 

» FreseniuB' Ztschr. xiii. 171 ; Oestr. Ztecbr. 1879, No. 27. 
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with nitric acid, heated and filtered. Ferric sulphate, or 
iron-alum is added to the cooled-ofF filtrate, and it is then 
titrated with a -j^ normal solution of ammonium sulpho- 
cyanide, which is prepared by dissolving 0.7 to 0.75 
gramme (10.8 to 11.57 grains) of the salt in 1 liter (1.76 
pints) of water. The titer is made to correspond with a 
silver solution of a known strength, in such a manner 
that 1 cubic centimeter (0.061 cubic inch) of the am- 
monium sulpho-cyanide solution corresponds exactly to 1 
cubic centimeter (0.061 cubic inch) of silver solution. 
The latter is obtained by dissolving 1 gramme (15.43 
grains) of chemically pure silver in n\tric acid, and dilut- 
ing it to a bulk of 1 liter (1.76 pints). The presence of 
copper in small quantities is not injurious, and of that of 
lead is rather favorable, as the white precipitate of lead 
sulphate, which is formed after the ferric sulphate has been 
added, makes the recognition of the final reaction sharper. 
A large percentage of iron gives a brownish-colored solu- 
tion, which does not permit a distinct recognition of the 
final reaction. Larger quantities of copper must be pre- 
viously removed, but cobalt and nickel, if the operator 
has some experience, admit of an easy recognition of the 
final reaction by a yellowish-brown color. The assay 
requires about three hours, and may be especially recom- 
mended when no muffle-furnace is at hand, or if only one 
sample is to be assayed for which it would not be worth 
while to heat a furnace. The permissible error allowed 
in the smelting works at Pribram is 0.03 per cent, from 
ores carrying 0.30 to 0.60 per cent, of silver, and the dif- 
ferences obtained by this assay vary within narrower 
limits than those allowed for dry assays. The assays give 
equally good results for all degrees of richness, if the 
galena is pure and contains but little iron. 

10 
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32. ASSAYS OP ALLOYS. 

These are generally executed by the toet method only 
for silver containing copper (as, for instance, coins). The 
dry method is mostly used for other alloys, and they arr 
either assayed by direct cupellation without scorification, 
with an addition of lead in case the sample does not al- 
ready contain a sufficient quantity. 

A. Dry assays. 

1. Lead bullum}— 10 to 20 grammes (154.32 to 308.64 
grains), according to the percentage of silver in it, an* 
directly worked off on the cupel ; but if the lead is im- 
pure (slag lead, zinciferous lead), it must be previously 
scorified. Poor lead is slagged off on the scorifier in 
quantities of from 40 to 50 grammes (617.29 to 771.62 
grains), and the resulting buttons are concentrated into 
one button by scorifying them once or several times, and 
the collected button thus obtained is cupelled. (For 
instance, 10 assays of 50 grammes each of Pattisorif^ 
granulated lead, which is very poor in silver, are concen- 
trated to one button.) The cupels used for a charge of 
from 10 to 20 grammes (154.32 to 304.64 grains) of gran- 
ulated lead, have an outer diameter of 49 millimeters 
(1.92 inches) on the top and 39 millimeters (1.53 inches) 
on the bottom, a clear width of 37 millimeters (1.45 
inches), a total height of 23 millimeters (0.9 inch), and a 
depression of 17 millimeters (0.66 inch). 

2. Silver amalgam, — 5 grammes (77.16 grains) of the 
assay sample are weighed off in a watch-glass and gradu 
ally heated in the cupel for \\ hours in a moderately 
heated muffle. After all the mercury is volatilized, 6 or 

^ Ablreiben mit Sauerstoff in B. u. li. Ztg. 1868, p. 851. 
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7 times the quantity of lead is added and the charge cu- 
pelled (p. 141). 

3. Copper poor in diver (black copper, refined copper). 
— 2.5 grammes (38.58 grains) are scorified with 18 to 20 
times the quantity of lead and cupelled, whereby the 
cupel will be colored dark green. Pure or plurabiferous 
copper may also bfe immediately cupelled with 16 to 18 
times the quantity of lead in one charge. 

4. Cupriferous silver or fine silver^ (coins, refined sil- 
ver, etc.). — ^The sample is directly cupelled {mint assay) 
with a quantity of lead free from silver (simple weights 
of lead in the form of small sticks or round or half-round 
pieces are used, but not granulated lead), corresponding 
to the percentage of copper. Smaller and finer cupels 
{mint cupels) are used. They consist, like the French 
cupels, either of powdered bone-ash alone, or of bone-ash 
and lixiviated wood-ash, which makes them more porous. 
They are placed in a small muffle-furnace {mint or fine 
nssay^fumace^ Fig. 28, p. 54), for the better regulation 
of the heat; or, what is still better, in a gas-furnace (Fig. 
29, p. 55). Where the percentage of silver Is not 
known, the approximate percentage* is first determined 
by a preliminary assay (cupelling with 16 times the 
quantity of lead), or by the touchstone,^ so that the proper 
quantity which experience has proven to cause the 

' Probe Qber der Lampe in Frcsenius* Ztscbr. 1879, p. 82. 

' Coins : Tbe German Reicbsmark, German Tbaler, Austrian and Bouth 
German Golden, 900 thousandth parts Ag ; English silver coins, 925 ; 
Frendi small silver coins, 885 ; 5, 2, 1, ^, \ franc pieces, 900 ; German 
nickel coins, 75 Cn and 25 Ni ; German copper coins, 96 Cu, 3 Sn, 1 Zn ; 
French small coins (5 cent.), 95.21 Cu, 3.18 Sn, 0.44 Zn, 0.25 Ni, 0.58 Pb, 
0.06 Ag. Swiss coin (5 cent.), Cu 58.920, Zn 23.700, Ni 11.561, Ag 5.146, 
Pb 0.826, Co 0.286. 

* Dingier, czxiii. 866; Ann. de Chemie et Phys. 1875; Bay, Ind. u. 
Oew. Bl. 1869, p. 180 ; Kick, tecbn. Bl. 1878, p. 85 ; Fresenius* Ztschr. 
1878, p. 142. 
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smallest loss of silver mav be used. With silver coins, 
in which the silver percentage is known, the preliminary 
assay is unnecessary. 

The numbers given in the following table may be taken 
as a guide : — 



DkOKSE of FIKENE88 OF THE ALLOT. 


Multiples OF lead. 


Silver in thousandth parts. 




1000 to 950 




. 4 


950 ** 900 


• • • 


. 6 


900 «* 850 




. 8 


800 «• 750 




. 12 


750 " 650 




. 14 


600 '• 




. 16 to 17 



A sample of the alloy to be assayed, weighing 0.5 
gramme (7.71 grains), is hammered out and cut up into 
fine shreds. Generally two assays are made at one time. 
The samples from bars are taken from the upper and 
lower side, and are obtained from pieces weighing about 
2.5 grammes (38.58 grains), which have been cut out 
from the lower and upper sides of the bar on opposite 
ends. The samples are wrapped up in comets of fine 
letter-paper, and placed upon a small assay-plate. When 
lead granules are not at hand, a piece of stick lead is 
weighed out and placed in two thoroughly glowed-out 
cupels, standing in the centre of the strongly heated 
muffle-furnace (Fig. 28, p. 54). The Paris mint cupels 
have been especially recommended for the purpose. Their 
outer diameter is 26 millimeters (1.02 inches) on the top, 
and 22 millimeters (0.86 inch) on the bottom; clear 
width, 21 millimeters (0.82 inch); total height, 14 mil- 
limeters (0.55 inch), with a depression of 8 milUmeters 
(0.31 inch). The mouth of the muffle is closed with a 
coal, and as soon as the lead " drives" the comet contain- 
ing the sample is placed in the cupel, the mouth of the 
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muffle again closed, and the assay allowed to "drive." 
The mouth of the muffle is now again opened, with the 
exception of a low piece of coal or small pi^ce of iron, the 
cupels are drawn forward towards the mouth of the muffle, 
and the temperature is lowered by partly closing the 
draught of the furnace, or also by cooling with a small 
cooling-iron (Fig. 48, p. 74), until a small ring of lith- 
arge and some plumose litharge (Federglatte) appear. 
The assays are now gradually pushed back, and the tem- 
perature is raised by opening the draught of the furnace, 
so that the assay may "brighten" sufficiently hot, during 
which the ring of litharge will disappear, but the plumose 
litharge (Federglatte) remain. The crucibles are now 
drawn forward towards the mouth of the muffle, and 
allowed gnidually to cool off to prevent "spitting." 
When sufflciently cool they are taken from the muffle, 
and the buttons are removed by means of a pair of pin- 
cers and brushed. In successful assays the surface of the 
button is smooth, with a silvery lustre on the top, and a 
dull silver-white color on the bottom. If the operation 
has been conducted at too low a temperature, the surface 
is dull, and has a bluish tint, and the bottom is covered 
with a yellowish or greenish coating of lead oxide. If 
the temperature has been too high, the button is dull in 
some places, very lustrous in others, the surface is sunken, 
it is liable to spit, exhibits rootlets, adheres stronger to 
the cupel, and is porous toward the bottom. The buttons 
are then weighed, and, in assays of top and bottom sam- 
ples, either the average percentage or the lowest percen- 
tage is given. The loss from absorption by the cupel 
(Kapellenzug) is added. 

Bars with over 980 thousandths of silver show no difference, if the 
work has been carefully done. To 725 thousandths they show a dif- 
ference of ^ to 3 thousandths ; from 720 to 710 thousandths/again, no 
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difference, or only an infinitely small one (certain chemical oombiDa- 
tions seem to be formed at this percentage) ; but the greatest differences 
occur at 400 to 200 thousandths fineness. Very considerable differ- 
ences may occur if the bars or buttons have been badly fused. The 
silver button contains about 2 thousandths of lead. 



Correction Table for the Absorption by the Cupel y determined by the 
French Commission on Coinage and Medals. 



True qaaotity of 
■liver. 



Lo«a to be Rddod, 
' thousandthii. 



1000 
975 
950 
925 
900 
875 
850 
825 
800 
775 
750 
725 
700 
675 
650 
625 
600 
575 
550 
525 



1.08 
1.76 
2.50 
8.25 
4.00 
4.07 
4.15 
4.22 
4.30 
4.41 
4.52 
4.64 
4.75 
4.73 
4.71 
4.70 
4.68 
4.68 
4.68 
4.68 



Trna quaniity of 


LoM to be added. 


MilTer. 


thoawbDdilu. 


600 


4.68 


475 


4.50 


450 


4.81 


425 


4.18 


400 


3.95 


375 


8.61 


850 


8.27 


825 


2.94 


1 800 


2.60 


275 


2.58 


250 


2.56 


225 


2.55 


1 200 


2.53 


175 


2.12 


150 


1.70 


; 125 


1.29 


100 


0.88 


75 


0.66 


': 50 


0.44 


; 25 


0.22 



In Freiberg somewhat different results have been obtained. With 
refined silver the loss by absorption by the cupel was found to be 0.0015 
to 0.002, and in alloys of medium richness the loss was greater than 
that stated in the table ; for instance, with 750 thousandths and 16 
weights of lead, the loss was 5.55 thousandths, but with 1 1 weights of 
lead it accorded with the table, 4.52 thousandths. According to 
Plattner, fine silver with 5 times the quantity of lead frequently gives 
a loss up to 0.009, refined silver with 937 thousandths and 5 times 
the quantity of lead, 0.0042 to 0.00.59 ; refined silver with 687 to 750 
thousandths and 14 tiroes the quantity of lead, 0.0073 to 0.0083. 

B. Wei assays. 

They are used for refined silver and coin alloys of cop- 
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per and silver.. Compared with the fire assay, they allow 
of an accurate determination of the degree of richness to 
within 0.5, and even to 0.1 thousandths. They are more 
frequently volumetric than gravimetric assays. 

1. Volumetric assays, 

a, Gay^Lussax^s method with sodium, chloride} — ^This 
method is based upon the precipitation of silver from a 
nitric acid solution by means of a standard solution of 
sodium chloride. For this purpose a normal solution of 
common salt is required, 100 cubic centimeters (6.1 cubic 
inches) of which will precipitate 1 gramme (15.43 grains) 
of chemically pure silver. There is further required a 
decinormal solution of common salt, 10 times weaker 
than the first, and a decinormal solution of silver, con- 
sisting of a solution of silver in nitric acid, containing 1 
milligramme (0.0154 grain) of silver in 1 cubic centi- 
meter (0.061 cubic inch) of solution. , 

Preparation of the assay soltUion. — The degree of rich- 
ness of the silver is approximately determined by a pre» 
hminary assay, the fine assay (p. 147) being generally 
chosen for the purpose. 4 to 6 thousandths parts the 
amount of silver found by this assay, are added to the 
result. It is generally preferred to assume the degree of 
richness a few thousandths higher than is actually the 
case, and to base the calculation for the quantity of assay 
sample required upon this, as, to effect the more rapid 
settling of the silver chloride, it is preferable to add, 
during the titration, a few thousandths from the deci- 
normal solution of salt than to be obliged to add 
from the decinormal solution of silver. The quantity of 

' Oay.LuBsac, VoUBt. Unterrlcbt ttber das VerfAhren, Sllber auf nassem 
Wege zo probiren, Braunschweig, 1838 ; Mulder, Bilberprobirmethode, 
Leipzig, 1859 ; Muspratt^sChem., Bd. vl. p. 477 ; Bolley, Handb. dertechn.- 
cheoL Unterauchung, 5 Aufl. pp. 52, 332 ; Dingier, czci. 172. 
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alloy containing 1 gramme (15.43 grains) of silver which 
is to be taken is then calculated (for instance, if the pre- 
liminary assay gives a percentage of 897 thousandths* 
then 1.115 grammes of alloy containing 1.000 gramme 
of silver should be taken, 1000: 897 = a: 1000). The 
sample in the form of shavings or granules is placed in a 
numbered flask, together with 6 to 7 cubic centimeters 
(0.36 to 0.42 cubic inch) of nitric acid free from chloride, 
and dissolved, either on a water or sand bath. The flasks 
in which the samples are dissolved are from 10 to 15 cen- 
timeters (3.93 to 5.9 inches) high, and 5 to 5| centi- 
meters (1.96 to 2.16 inches) wide. If several assays are 

to be made, it is advisable to dip the flasks, 
Fig^64. which are arranged upon a stand (Fig. 

54), into hot water. (A black residue may 
be gold or sulphide of silver ; should the 
latter be the case, some concentrated nitric 
acid is added and the fluid heated, or s;ul- 
phuric acid used.) The nitrous acid 

formed is then driven out of the flask bv 

.1' 

means of a small bellows with curved extremity, and the 
contents of the flask is treated with the normal solution. 
But as the influence of the temperature upon the volume 
of the normal solution of common salt must be taken 
into consideration, its titer must always be determined on 
the same day the assays are to be made, with 1 gramme 
(15.43 grains) of pure silver + 1 to 2 cubic centimeters 
(0.061 to 0.12 cubic inch) decinormal solution of silver, 
in order to be able, for the above mentioned reason, to 
use decinormal solution of salt for the final titration. 
The silver solution is then titrated by placing the glass 
flask in the metal cylinder C (Fig. 55) standing upon the 
sliding carriage B {Sirens apparatus^). The glass cock 
c (a pinch-cock may be used instead) is then opened, and, 

> B. u. h. Ztg. 1878, p. 189. 
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accompanied by the admission of air through a, the nor- 
mal solution of sodium chloride flows from the vessel A 



F\g. 55. 




through h^ the thermometer tube &, and the rubber tube 
d, into the burette e. It asceitds in this, and a small 
quantity reaches the saucer g through the orifice /. The 
cock c is now closed {h and e may be also directly con- 
nected by a rubber tube provided with a clip), and the 
pipette e, which is now filled, will contain exactly 100 
cubic centimeters (6.1 cubic inches) of liquid. The index 
finger of the left hand is now placed upon the mouth / 
of the pipette, the rubber tube d is detached from the 
lower end of the pipette c, and the sliding carriage 5, 
upon which stands the metal cylinder C containing the 
flask with the solution of silver, is pushed underneath the 
discharge orifice of the pipette. The index finger is now 
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Fig. 56. 



removed from/, and the 100 cubic centimeters (6.1 cubic 
inches) of the solution of common salt are allowed to 
run into the flask, care being taken that the pipette does 
not rest on the neck of the flask. The sliding carriage is 
then pushed back, the flask is closed with its ground 

glass stopper, and its contents is 
cleared by shaking, wliich is best 
done by inclosing it in a metal 
cylinder of proper size for the 
purpose. If many assays are to 
be made, it is advisable to use 
Gay-Lu8sac^8 or Mulder^s agi- 
tator. 

Gaf/'Lu88ac*8 apparatus (Fig. 56). 
— A, a stand with cylindrical compart- 
ments for the reception of the flasks 

Fig. 67. 





which are provided with well ground 
stoppers. The stand is suspended by 
the handle ef to the steel spring cd^ 
and is connected below with a spiral 
spring a b> The apparatus is shaken by means of the handle ef, 

1 cubic centimeter (0.061 cubic inch) of decinonnal 
solution is now added to the entirely clear fluid, standing 
over the precipitate of silver chloride, by means of a 
graduated pipette contained in a flask (Fig. 57), whereby 
the point of the pipette should be placed against the neck 
of the flask containing the silver solution. If turbidity is 
produced, the silver solution is agitated until it is again 
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clear, and 1 cubic centimeter (0.061 cubic inch) of the 
decinormal solution of common salt again added, etc., 
until the last cubic centimeter which is added does not 
produce any turbidity. This last cubic centimeter is not 
taken into calculation, and only one-half of the one pre- 
viously added. (For the reason stated on p. 151, it is 
more suitable to use decinormal solution of common 
salt than decinormal solution of silver for the final re- 
action). 

Calculation. — Suppose the richness of the alloy was 
found according to the preliminary assay to be 897 thou- 
sandths, 1115 thousandths of the sample containing 1.000 
gramme (15.43 grains) would have to be weighed off. 
1000 cubic centimeters of the decinormal solution of salt 
= 1 gramme (15.43 grains) of silver. Now suppose 
1002.5 cubic centimeters (61.17 cubic inches) of deci- 
normal solution of common salt had been used, 1000 
parts of the alloy would therefore con tarn 899. 1 parts of 
silver. 

In case mercury^ should be present, sodium acetate (0.5 gramme 
(7.71 grains) to 5 thousandths of mercury) is added, which will pre- 
vent the mercury from being precipitated by the sodium chloride 
solution ; or the mercury is previously volatilized by heating the 
^mple in a small graphite crucible in the muffle. For bismuth some 
tartaric acid is added. In case tin is present, the sample is dissolved 
in sulphuric acid instead of nitric acid. According to Thorpe, only 2 
parts of silver chloride freshly precipitated, and 0.8 part that has 
been blackened by exposure to light, are dissolved in 100,000 parts of 
nitric acid. 

Preparation of the normal solutions. — A completely 
saturated solution of common salt is prepared, of which, 
if the salt used is entirely pure, 170 cubic centimeters 
(10.37 cubic inches) contain 54.15 grammes (835.66 

> B. u. h. Ztg. 1870, p. 803. 
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grains) of common salt. These 170 cubic centimeters 
(10.37 cubic int^hes) are diluted to the volume of 10 liters 
(17.6 pints). 100 cubic centimeters (6.1 cubic inches) 
of this solution correspond to 0.5415 gramme (8.3566 
grains) of common salt, which will completely precipitate 
1 gramme (15.43 grains) of pure silver. The true 
standard is obtained by pouring 100 cubic centimeters 
(6.1 cubic inches) of the solution of common salt into a 
solution of 1 gramme (15.43 grains) of chemically pure 
silver. This is agitated by shaking until it becomes 
clear, and the number of thouvsandths of common salt or 
silver which remain free are exactly determined by the 
addition of an observed volume of very dilute salt solution 
of known strength, or of a decinormal solution of silver, 
and from this the quantity of water or of common salt 
is calculated which must be added to obtain the correct 
standard. When this addition has been made, a new 
test is made with the standard solution and the deci- 
normal solution prepared from it, and this is continued 
until the solution does not show a perceptible variation 
from the correct standard. The decinormal solution of 
common salt is prepared by pouring 100 cubic centime- 
ters (6.1 cubic inches) of the standard solution of salt 
into a flask capable of holding 1 liter (1.76 pints) and 
filling it with water to the liter mark. For the deci- 
normal solution of silver, 1 gramme (15.43 grains) of 
fine silver is dissolved in 5 to 6 grammes (77.16 to 92.59 
grains) of nitric acid, which is then diluted with water to 
1 liter (1.76 pints). 

h, Volhard^s assay tvith sidphchcyanide} — The solu- 
tion of silver, which should be free from nitrous acid, 

« 

> Volhard, die Silbertitrirung mit Schwefelcyanammoniam, etc., Leipzig, 
Winter, 1878; Dingier, ccxiv 899; B. u. h. Ztg. 1875, p. 88; 1876, p. 405 
(Lindeman) ; Freseuius' Ztochr. xiii. 171 ; 1878, p. 483. 
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mercury, and palladium, and to which has been added 
some ferric sulphate, is precipitated in the cold with 
titrated potassium sulpho-cyanide until a permanent red 
coloration from iron remains, indicating that all the silver 
has been precipitated. The assay, which is as accurate 
as Qay-Lusao/o s^ is simpler, and can be executed more 
quickly, and allows at the same time of a determination 
of a percentage of gold in the same assay sample. 

The standard solution of potassium sulpho-cyanide is 
prepared by dissolving 10 grammes (154.32 grains) of 
chemically pure silver in nitric acid free from chlorine, 
and diluting it to 1 liter (1.76 pints) ; 50 cubic centi- 
meters (3.05 cubic inches) of this solution are placed in 
a beaker-glass and diluted with 3 to 4 times its volume 
of water; 5 cubic centimeters (0.3 cubic inch) of a pure 
solution of ferric sulphate (1 part of the salt in 10 parts 
of water) are added to it, and the solution of potassium 
sulpho-cyanide is allowed to flow to it, under constant 
stirring, from a burette holding 50 cubic centimeters (3.05 
cubic inches) and divided into -^ and filled exactly to 
the point, until the color of the solution remains perma- 
nently red. The assay fluid is prepared by placing 10 
grammes (154.32 grains) of the silver in a long-necked 
flask, capable of holding from 200 to 250 cubic centi- 
meters (12.2 to 15.26 cubic inches). It is then dissolved 
on the sand-bath in 50 cubic centimeters (3.05 cubic 
inches) of nitric acid free from chlorine, of 1.2 specific 
gravity, and diluted with distilled water. Any gold 
which may be present is then allowed to settle, and the 
clear silver solution is poured into a flask capable of 
holding 1 liter (1,76 pints). The residuum is several times 
digested with a small quantity of nitric acid, and is then 
decanted with distilled water until the liter flask is nearly 
full to the liter mark, and the wash-water shows no 
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traces of silver. The flask in which the solution was 
made is now filled to the rim wth water and inverted in 
a porcelain crucible, to remove the gold contained in it 
and the goldj which is weighed to within 0.0002 gramme 
(0.003 grain), is further treated according to the assay 
method, which will be given further on. The solution 
of silver in the liter flask is now diluted to 1 liter (1.76 
pints), 50 cubic centimeters (3.05 cubic inches) of it are 
measured out in a beaker-glass, and titrated with the 
solution of potassium sulpho-cyanide, after addition of 
solution of ferric sulphate. 

Cobalt and nickel produce peculiar tints which can be easily dis- 
tinguished from those of the reaction of the silver. In case the sample 
contains more than 80 per cent, of copper^ the red coloring is not very 
perceptible, and Volhard and Freseniu^ have given a modification for 
this emergency ; or pure silver may be added to the sample. Mercury 
is removed by previous volatilization, and nitrous acid must be com- 
pletely removed by boiling, as it decomposes sulpho-cyanic acid, even 
n the cold, while nitric acid will only do so when heated. A small 
percentage of chlorine in the solution of potassium sulpho-cyanide does 
not cause any trouble, but a large amount of it is injurious. 

2. Gravimetric analysis, — As the solution of common 
salt evaporates too much in a hot climate, the following 
method is used in the East Indiss} 1.22 grammes (18.825 
grains) of the alloy are dissolved in nitric acid. The silver 
is precipitated by hydrochloric acid, and the silver chloride 
is carefully washed out. The flask is filled with water 
and inverted in a smooth washing crucible, and then re- 
moved. The greatest part of the water is decanted off, 
and the assay dried, first on the water-bath, and next in 
an air-bath at 150 to 170° C. (302 to 338° F.), and the 
sUver chloride weighed while stUl warm. 

1 FreseniuB* Ztsclir. xiii. 175. < Dingier, cciii. 97, 208. 
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C. Hydrostatic assay. — According to Karmarsch^ the 

quantity of silver in coins can be 'determined from the 

specific gravity Z, in thousand parts n, according to the 

formula — 

_ L — 8.833 

^~ 0.0016474 

This method is not adapted for very fine alloys, nor for 
such as have been cast and. little worked after the cast- 
ing, as the results obtained are too high. 

nr. GOLD. 

33. GOLD ORES. 

Native gold^ with 0.1 to 40 per cent, of Ag, occurring 
in quartzose veins (gold quartz), and in pyrites (iron or 
copper pyrites, arsenical pyrites), and disseminated in 
alluvial deposits (auriferous gravel) ; sylvanite (Au, Ag), 
Tej, with 24 to 30 Au and 3 to 1 5 Ag ; nagyagite^ PbTe^ 
with PbS and AuTe^, with 6 to 9 Au and 50 to 60.5 Pb; 
white tellurium (Au,Ag,Pb)(Te,Sb)3, with 24.8 to 29.6 
Au, 2.7 to 14.6 Ag, and 2.5 to 19.5 Pb. 

34. NON-ALLOYS. 

Sometimes mechanical wash assays are made use of 
for an approximate determination of the metallic gold 
contained in poor earthy and gravelly ores. Dry or fire 
assays (scorification or crucible assays) are mostly used 
for a mope accurate determination of the percentage of 
gold in very poor ores; and sometimes the wet assay 
{Plattnei'^s assay) also. The taking of assay samples re- 
quires the utmost care on account of the very unequal 
distribution of the gold in the ores (pp. 20 et seq.). 

> Dingier, ccxxiv. 665, 
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A, Mechanical assay by washing^ for determining the 
approximate percentage of gold in earthy and gravelly 
minerals^ poor wi gold. The sample is nibbed as fine as 
possible and sifted. About 20 grammes (308.64 grains) 
of it are washed with water in a vanning trough (Fig. 4, 
p. 29), until the pure gold begins to show itself at the 
upper end. The quantity is either estimated or weighed, 
or measured by bringing it into a narrow strip about 0.36 
millimeter (0.014 inch) wide (Hungary and Transjl- 
vania). Sometimes it is also amalgamated with mercun^ 
and ignited in a small crucible (Transylvania, United 
States). 

Montana : o kilogrammes (11 pounds) of earthy gold ore are taken 
from the heap, powdered, mixed, and sifted. The coarse gold remain- 
ing in the sieve is weighed and assayed by itself; 500 gramoies 
( 17.64 ozs.) of the fine sifted matter are placed in the vanning trough 
(wash-trough) (Fig. 4, p. 29), mixed with some water and 5 grammes 
(77.16 grains) of mercury, and slowly washed for two hours (if the 
water shows an acid reaction, some caustic soda is added), and finally 
some potassium cyanide is added, the amalgam completely purified; 
mercury is removed by glowing the mass gently in a crucible or retort. 
The residue is cupelled with lead, and the alloy separated by inquartn- 
tion and parting ; 6 to 8 assays are made and the average is taken. — 
Australia: 1 kilogramme (2.2 pounds) of gravelly gold ore is dead- 
roasted. It is then placed in an iron mortar and mixed with water to 
a stiff paste. A tablespoonful of mercury is added and thoroughlj 
rubbed together with the paste ; and, after a short time, another t^ible- 
spoonful. The mass is then washed in an enamelled dish, and the 
amalgam collected and distilled oflT. This method will give from 80 
to 90 per cent, of the quantity of gold which would be obtained by h 
fire assay. 

B. Fire or fusion assays. — The object of these assays 
is to collect the gold in the lead (smelting with lead by 
tlw scorification or crudhle assay)^ and to separate the 
gold by cupelling the auriferous lead button. In case 

1 B. u. b. Ztg. 1868, p. 271 ; 1868, p. 127; 1875, p. 811. 
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the gold button should contain any silver, this can be 
separated by the wet method by means of nitric acid 
{inquartation). Whether the scorification assay or cru- 
cible assay is to be chosen depends principally on the 
foreign admixtures (earth or gravel), and, as a general 
nile, the same rules hold good here that were given for 
silver ores (p. 131). 

1 . Smelting the gold vnth lead. 

a. Scorification assay for ores of every kind,- — 0.5 to 
10 grammes (7.72 to 154.32 grains), according to the 
degree of richness of the assay sample, are weighed, and, 
if the material is poor, a sufficient number of assays is 
made so that the button which is obtained does not 
weigh less than 0.05 to 0.20 gramme (0.77 to 3.08 
grains). The same rule in regard to the quantity of 
granulated lead and borax is observed as in the silver 
assays, and the assays are executed in the same manner. 

6. Crucible assay. — Poor, earthy, and oxidized ores 
can be assayed by this method without preliminary pre- 
paration, but. those containing sulphur, antimony, and 
arsenic must be previously roasted. It is less adapted 
for ores rich in gold and copper than the scorification 
assay. It is simpler and more convenient, as it allows 
of operating with larger quantities, especially when the 
substances are poor in precious metal, and is more accu- 
rate than the scorification assay,. as the losses are dis- 
tributed among larger quantities of assay sample. The 
assay sample is fused with granulated lead or litharge 
and reducing and fluxing agents. Smelting pots or cru- 
cibles (Fig. 42, p. 67) the same as in the corresponding 
silver assays are used. The assay is fused in the ordi- 
nary furnace, or in a gas^fiimace (p. 59). 

a. Substances tcith earths and oxides (gold quartz, 
11 
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slag, gold sweepings). — They are fused in an unroasted 
condition. 

Sweepings y as stated on p. 140. American gold ore$: 50 grammes 
(771.60 grains) of ore, 70 grammes (1080.26 grains) of dry sodiiim 
carbonate, 100 to 120 grammes (1543.23 to 1851.88 grains) of litharge 
(or a corresponding quantity of white lead), and 6 to 8 parts of powdered 
charcoal. The ore, litharge, and charcoal are first mixed together, 
and then with the fluxing agent ; and, in case sulphur should be present, 
a small piece of iron wire is added. The charge is placed in a smooth 
French clay crucible and fused for half an hour at an intense heat in 
the furnace. It is then poured out, after which the crucible can be 
used sereral times more. 

The results from 100 pounds of gold quartz by the scorification and 
crucible assay may be given as follows : — 

If 100 pounds of gold quartz give They give by crucible assay : 
by scorification assay : 

parts of pounds. parts of pounds. 

12.5 12.25 

1.5 1.6 

0.14 0.14 

0.09 0.088. 

Rheinsand : 500 grammes (7716.17 grains) of ore are mixed with 
200 grammes (3086.47 grains) of soda, 300 grammes (4629.70 grain?) 
of potassium carlK>nate, and 50 grammes (771.61 grains) of borax. 
Upon this are scattered 20 grammes (308.64 grains) of granulated 
lead free from gold, upon this come a thin layer of soda and a^ cover- 
ing of common salt. 

5i Ores^ etc,^ loith comhinaiiona of sulphur^ antimony, 
or arsenic. — liarger quantities, 0.5 to 1 kilogramme (1.1 
to 2.2 lbs.), are roasted so that buttons weighing not less 
than 0.05 to 0.20 gramme (0.77 to 3.08 grains) are ob- 
tained. The roasting is done in small clay boxes about 
200 millimeters (7.87 inches) long, 70 to 90 millimeters 
(2.75 to 3.54 inches) wide, and 40 to 50 millimeters 
(1.57 to 1.96 inches) deep. The ore is placed in these 
boxes and roasted in the muffle, being carefully stirred 
meanwhile with a stirring rod. Or the ore may be 
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placed upon a plate of sheet iron with upturned edges, 
which has been previously covered with a coating of clay, 
reddle, or chalk, and is then roasted over a brazier, or in 
a furnace until the fumes cease to be evolved (according 
to Winkler, Tscheffkin, and Merrick, a loss of gold 
occurs during this operation, which Crookes denies). If 
copper pyrites, antimony, and arsenic are present, it is 
best to add charcoal and ammonium carbonate in roast- 
ing. The charging and fusing of the roasted sample are 
done in the same manner as that indicated in the assay 
for silver (p. 137). 

Pyrites poor in gold: 500 grammes (7716.17 grains) of the roasted 
ore are mixed with the same quantity of granulated lead free from 
gold, 125 grammes (1929.04 grains) of black Hux and the same quan- 
tity of glass. The charge is fused for two hours in a Hessian crucible 
in the furnace. The resulting button is flattened on an anvil and cut 
up in pieces. The separate pieces are concentrated on a scorificr, and 
the button thus obtained is cupelled. 500 grammes (7716.17 grains) 
of ore are roasted and mixed with 125 to 250 grammes (1929.04 to 
3858.09 grains) of potassa or soda glass, 125 grammes (1929.04 grains) 
of black flux, or 250 grammes (3858.09 grains) of potassium car- 
bonate, and 32 grammes (493.83 grains) of flour, then covered with 
500 grammes (7716.17 grains) of granulated lead free from silver, and 
a layer of common salt. The entire charge is put in a Flessian cruci- 
ble and fused for 2 hours in the furnace, or it is distributed into several 
BinaUer crucibles (Fig. 24, p. 49). 

Hungarian smelting works: 1 Vienna pound (= 560 grammes = 
H642.il grains) of auriferous substance is roasted upon a clay plate over 
glowing coals. The charge consists of 3 pounds (= 1680 grammes = 
iif5926.3 grains) of Villach red litharge, 2 pounds (= 1 120 grammes = 
17284.37 grains) of dry potash, ^ pound (=140 grammes = 2160.53 
grains) of resin, and 1 loth (= 1 4.5 grammes = 223.73 grains) of hard 
coal. This is mixed and distributed in crucibles in such a manner 
that on the bottom comes first a spoonful of the mixture, and, upon 
this, a s()oonful of the roasted sample. These are then mixed together ; 
U|jon this mixture is placed another spoonful of the mixed fluxes, and 
then a covering of common salt. 115 to 125 crucibles charged in 
this manner are heated for from 20 to 30 minutes in the furnace, or a 
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small number in the muffle. The resulting buttons are partly cupelled, 
and those buttons which have not brightened are wrapped up in a 
cornet of lead foil and cupelled together. The auriferous silver ob- 
tained must weigh about 10 mint pounds assay weight, and the golJ 
buttons to be separated from this about 0.1 mint pound. Average 
difference 0.001 mint pound. 

2. Cnpellation of the anHfermia lead, — ^The process is 
the same as for silver with the exception of a hotter 
"driving" towards the end of the assay, so that no 
plumose litharge (Federglatte) remains. If the assay 
sample is poor, the separate lead buttons are either en- 
tirely cupelled or only partly. In the latter case they are 
wrapped in lead foil and cupelled together. The re- 
sulting gold button is then weighed, and, in case it con- 
tains silver, this is parted by means of nitric acid. We 
will only briefly mention the process here, as it will be 
more thoroughly explained later on in treating of gold 
and silver alloys (§ 39). 

The button is flattened out on the anvil and placed in 
a flask with a very narrow neck, and then heated with 
nitric acid of 1.19 specific gravity, a. When the lamina' 
ted biUton breaJcs up and brown flakes of gold are sepa- 
rated, this being an indication that a suflScient quantity 
of silver is present ; the heating is interrupted when no 
more nitrous acid is developed. The gold is allowed to 
settle, and the liquid is then carefully decanted. It is now 
washed twice by decantation with boiling distilled water. 
The flask is then entirelv filled with cold water and in- 
verted in a clay crucible, or a small porcelain saucer, and 
when the gold has dropped into the crucible, the flask is 
carefully withdrawn over the , side. The water is then 
poured off", the gold dried, the crucible then strongly 
heated, and flnally the adherent gold is removed and 
weighed. 6. Wlien (lie flattened button doea not break np. 



GOLD — NON- ALLOYS. 1 65 

the acid is poured oiF and the sample decanted with cold 
water. The flask is filled with cold water and inverted 
in a porcelain dish and withdrawn over the side. After 
the water has been poured off, the button is dried and 
wrapped, with three times the quantity of silver, in a 
comet of lead foil or with granulated lead in a cornet, 
and cupelled. The button, containing now a sufficient 
quantity of silver, is parted with nitric acid. In the 
Upper Harz the percentage of gold is not taken into cal- 
culation when 10 assay centner (= 50 grammes = 771.62 
grains) contain less than 0.5 parts of pounds (= .25 milli- 
gramme = 0.0038 grain) of gold. The buttons obtained 
from gold ores are, as a rule, richer in gold than in silver, 
and require an addition of 2 to 2^ tiiiies tbe quantity of 
silver, while those from auriferous silver ores, pyrites, and 
matt contain generally less than ^ to :^ of gold and re- 
quire no addition of silver. 

C. Wet assay {Plait ner^s chlorination process^). — This 
is sometimes used for very poor ores. 50 to 200 grammes 
(771.62 to 3086.47 gl-ains) of earthy or oxidized ore, or 
wmpletely roasted pyrites, are slightly moistened with 
water and placed in a tubulated glass cylinder, the bottom 
of the vessel being first covered with pieces of quartz. 
Here they are treated with chlorine gas for about 1 hour. 
The gold chloride formed is lixiviated with hot water, 
and the solution heated to expel the free chlorine. Solu- 
tion of ferrous sulphate and some hydrochloric acid is 
added, which precipitates the gold in a metallic state. 
It is then filtered and washed, the filtrate is dried and 
cupelled with 5 to 10 grammes (77.16 to 154.32 grains) 
of granulated lead. Wagner recommends the decompo- 
sition of the ores with bromine- instead of chlorine. 

i^Plattner-Richter's Ldthrohrprobirkunst, 1865, p. 546. 
' Dingier, ccxix. 544. 
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35. ALLOYS OF GOLD. 

The principal alloys of gold which will be especially 
considered here are those with silver^ with silver and cop- 
per^ and with co][)per. 

Gold amalgam is distilled in a glafls retort, and the residue is care- 
fully scorified with 8 parts of granulated lead (p. 135). Auriferous 
had and bismuth are directly cupelled, but if they contain too small a 
quantity of gold, they are first slagged off on the scorifier (p. 66). 
Auriferous iron, steel, etc., are dissolved in nitric acid and evaporated 
to dryness. The dry mass is scorified with 8 to 10 parts of granulated 
lend and some borax. 

A. Alloys of gold and silver^ vnth or without copper, — 
The separation of gold from silver (called ^^ gnurtation^^ on 
account of the proportion of gold to silver as 1 : 3) is done 
by means of nitric acid. But the silver is only completely 
dissolved by boiling the acid three times, and when at 
least 2| to 3 parts of silver are present to 1 part of gold. 
When this proportion exists, the gold will also be obtained 
in a cohering mass having the same form as that of the 
alloy used (a small roll^ etc). If less silver is present, the 
gold remains argentiferous and, if more, for instance, 4 to 
6 silver to 1 gold, the gold is obtained in brbwnish flakes 
or as powder (dust gold), while the silver will be com- 
pletely dissolved by boiling the assay twice wdth nitric 
acid, and there is great liability that mechanical losses 
will occur. If the silver is to be dissolved by boiling the 
assay but once with nitric acid, at least 8 parts of silver 
to 1 part of gold must be present. A preliminary assay 
is therefore required for an approximate determination of 
the percentage of golii, to enable the assayer to fix the 
required quantity of silver which must be added, and also 
for the determination of the percentage of copper, in 
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order to find the quantity of lead required to be added to 
it in removing it by cupellation. 

1. As ^, preliminary test for alloys free from coppe^\ 
may serve — 

a. The color of the alloy. — A deep yellovir color requires 
2| to 3 times the quantity ; light yellow, twice the quan- 
tity ; and a white color an equal weight of quartation 
silver. 

For an approximate determination, by color, of the ricliness of 
the gold button, sample gold-silver buttons 2 to 3 millimeters (0.079 
to 0.12 inch) in diameter have been prepared with jj, ^*^, ^^^ y^^, 
-f^^ and ^jg of gold. They are placed in depressions in a box with 
a cover, and each is surrounded with a black ring and then with 
a white one. Before the comparison is made, the assay 'button is 
breathed on, as otherwise its strong lustre would make the estimation 
le8s accurate. Gold%ch7nidi^ has attached similar specimen alloys, in 
the form of small disks upon porcelain, but it is more difficult to com- 
pare the buttons with these than with sample buttons of the same 
shape. If more than 56 per cent. Ag is present, the gold cannot be 
recognized. 2 per cent, of Ag imparts^ already a brass color, 50 per 
cent, a light yellow, and 56 per cent, a white color to the gold. 

h. An examination on the touchstone by means of 
needles, touchstone and nitric acid requires more expe- 
rience than the above method, and may also be used for 
alloys containing copper. 

2. Preliminary assay *of cupriferous aXloys by cupella- 
tion. 

a. With lead alone. — 250 milligrammes of the alloy 
cut up into fine shreds or granulated are weighed off 
and wrapped up in a cornet. This is placed with 16 to 
32 times the quantity of lead (4 to 8 grammes, 61.73 to 
123.5 grains according to the percentage of copper) in 
one piece (spherical or hemispherical) in a strongly glow- 

1 Fresenius' Ztschr. xvii. 142. B. u. h. Ztg. 1S78, p. 308. 
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ing cupel in the furnace. The cupellation is conducted 
in the same manner as with the fine assay (p. 147), except 
that it must " drive" hotter, so that no plumose litharge 
(Federglatte) remains. The percentage of copper is 
found from the difference in the weight of the alloy used, 
and the resulting auriferous silver button. An experi- 
enced assayer can then estimate the richness of the alloy 
in gold by the color of the button after breathing on it, 
and can thus calculate the quantity of quartation silver 
to be added for the principal assay. The quantity of 
lead required for removing the copper by cupellation will 
be indicated from the diiference in weight. 

Hie quantity of lead lo be taken depends on the percentage of 
copper in the alloy^ which must be removed before the quartation. 
As copper has a greater aiiinity for gold tha» for silver, argentiferous 
gold containing copper requires a larger quantity of lead in cupelling 
(the maximum is 32 times the quantity) than argentiferous copper 
(16 to 20 times the quantity). 

The following table (Table I.) shows the quantity of lead required 
for alloys of gold with silver and copper : — 







Table I. 




If tiie gold in 1000 


parts 


Equivalent 


Multiples of 


of the alloy amounts to 


to gold. 


lead. 


1000 




24 carat, 


8 


980 to 920 




23^to 22 


12 


920 to 875 




22 to 21 


16 


875 to 750 




21 to 18 


20 


750 to 600 




18 to 14 


24 


600 to 350 




14 to 8 


28 


350 to 




8 to 


32 
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Table I L gives the quantity required if the percentage of gold i^ 
very gaiall. 

Table IL . 



Ifthe silver in 1000 
parts amounts to 
1000 to 950 


Equivalent to 

silver. 
15 loth 9 griin. 


Multiples of 
lead. 
4 


950 to 900 


14 " 9 " 


6 


' 900 to 850 


13 " 9 " 


8 


850 to 750 


12 " 


12 


750 to 650 


11 " 


14 • 


650 to 


' 10 " and less 


16 



b. With an addition of lead and silver. — This process 
is made use of to avoid the estimation of the quantity of 
gold in the auriferous silver button by the color. 250 
milligrammes (3.85 grains) of the alloy are wrapped up 
in a cornet, together with 3 times the quahtity of silver 
(750 milligrammes, 11.55 grains), and 16 to 32 times 
the quantity (4 to 8 grammes, 61.73 to 123.5 grains) ol 
lead, and cupelled. The loss of copper is found from the 
difference in weight between the resulting button and 
the alloy weighed plus the addition of silver. The 
auriferous silver button is laminated and placed in a flask 
with a long and narrow neck which has been previously 
well cooled off. The matrass should be from 150 to 180 
millimeters (5.9 to 7.07 inches) high, 30 to 50 milli- 
meters (1.18 to 1.96 inches) wide in the belly, and 6 to 
8 millimeters (0.23 to 0.31 inch) in the neck. The 
button is boiled in this with pure nitric acid of 1.19 
si^ecific gravity until no more red vapors are evolved, and 
i*s then washed twice bv decantation with hot water. 

9 

The flask is then entirely filled with water, a small cru- 
cible of clay placed over its mouth, and both crucible 
and flask are inverted, which causes the gold in the form 
of a small flake or powder to fall into the crucible. The 
flask is now raised and quickly drawn away over the edge 
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of the crucible. The gold is then thoroughly dried by 
igniting it in the crucible. Its weight, plus that of the 
added quartation silver, deducted from the weight of the 
auriferous silver button originally employed, gives the per- 
centage of silver in the original alloy, according to which 
the addition of silver for the assay must be regulated so 
that the proportion of 1 Au to 2^ or 3 Ag is maintained. 
For cohis^ the standard of which is known, such prelimi- 
nary assays are not required. ^ 

German/ French, and American gold coins contain 900 Au and 
100 Cu. Austrian ducats 986, Prussian Friedrichsdor 902, Engii^h 
sovereigns 916, Hanoverian, Brunswick, and Danish pistoles 896 \mrts 
of gold. Pure gold is prepared by dissolving ducat gold, or gi>ld 
cupelled with lead and laminated, in cold aqua regia (2 parts of 
hydrochloric and 1 part of nitric acid), by adding the acid gradually^ 
80 that, when the solution is complete, there will be no excess of aqua 
regia. Tiie solution is allowed to stand for several days, for the silver 
chloride to settle, and is then filtered. It is now diluted, and, if neces- 
sary, again filtered in a few days. Tiie filtrate is much diluted, and 
freshly prepared solution of ferrous sulphate added to it until no more 
gold is precipitated, and then allowed to stand in a warm place. The 
fluid is then removed by means of a siphon, the gold placed in a por- 
celain dish and digested with diluted hydrochloric acid. The dried 
})Owder is washed, placed in a clean clay crucible, and fused with 
some borax and saltpetre. 

I. Roll assay for argentiferous gold. — This requires 
the following manipulations : — 

a. Preliminary assay as described on p. 167 for deter- 
mining the percentage of gold and copper in order to fix 
the quantity of quartation silver and lead to be added. , 

h. Weighing the assay sample. — Two samples of the 
alloy , granulated or laminated and cut into fine shreds, each 
250 milligrammes (3.85 grains), are accurately weighed 
out upon an assay balance which must be sensitive to 

1 Gdldncr, Farbe der Zwnnzig Mark Stuke in Dingier, ccYiii. 75. 
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0.1 milligramme (0.0015 grain). If bars are to be 
assayed, a sample of 250 milligrammes each is cut from 
the upper and lower side from opposite ends. The sam- 
ples are wrapped in comets. 

c. Charging. — The quantity of silver required is 
weighed off, cut. up into fine shreds, and added to the 
sample. The quantity must be calculated or found from 
tables according to the results of the preliminary assay. 
The lead is next weighed off in one piece according lo 
Table I. p. 168. 

rf. GupelUvg, — The lead is placed in thoroughly ig- 
nited fine cupels standing alongside of each other in the 
centre, or more towards the back of a strongly heated 
mint furnace (Fig. 28, p. 54). The mouth of the muffle 
is closed until the lead " drives," when it is opened, and 
the cornets containing the alloy are placed in the cupel. 
The mouth of the mliffle is again closed, and the assay is 
allowed to " drive," and the operation further conducted 
in the same manner as in the fine assay (p. 147) with the 
exception of a stronger heat towards the end. Of the 
loss of gold in cupelling we will speak later on. 

If fine gold with 990 thousandths ''drives'* too hot, or too cold, the 
resuhing gold button will be one-thousandth too heavy. This is very 
likely caused by some lead which remains with the gold, and which 
cannot be completely removed by nitric acid. For this reason a 
sample of pure gold is generally cupelled with the same quantity of 
lead at the same time as the principal assay, and the gain in weight 
of the fine gold is then deducted from the gold percentage of the 
principal assay. If the button has been brightened too hot, it is apt 
to crack in laminating. 

e. Flattening {laminating) tlis button. — The button is 
removed by means of a pair of pliers, brushed off, and the 
edges carefully pinched with the pliers. It is then lami- 
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nated with a hammer on a polislied steel anvil, having a 
diameter of 6 to 8 centimeters (2.36 to 3.15 inches). The 
head of the hammer has on one end a round or square 
face, smoothly polished, and about 4 centimeters (1.51 
inches) in diameter, and on the other end a rounded-off 
edge. Or, the button after it has been somewhat flat- 
tened on the anvil is passed between rollers, being fre- 
quently annealed meanwhile on a cupel, or dish, in 
the muffle. The small oval leaf, intb which it is lami- 
nated, is about 25 millimeters (0.98 inch) long, 12 milli- 
meters (0.47 inch) wide, and 0.5 millimeter (0.019 inch) 
thick. The frequent annealing of the button and ham- 
mering of the edges is required to prevent the leaf from 
cracking on the edges. If necessary, the leaves are num- 
bered by means of a punch and hammer. After having 
been annealed once more, the leaves are rolled with a pair 
of pliers and dry fingers, into the form of a spiral, or over 
a glass-rod, into a small roll. 

/. Boiling in nitric acid. — One or more of the num- 
bered rolls are placed in a long-necked glass flask, about 
150 to 180 millimeters (5.9 to 7.07 inches) long, with a 
body width of 40 to 50 millimeters (1.57 to 1.97 inches), 
and a neck width of 15 to 20 millimeters (0.59 to 0.79 
inch). Here they are heated with a quantity of nitric 
acid (about 10 grammes, 154.32 grains) sufficient to fill 
the body of the flask half-full. The acid should be of 1.2 
specific gravity, as, if it is stronger, its action might be 
too violent and tear the leaf. It should be free from 
nitrous acid, sulphuric acid, and chlorine, and, if neces- 
sary, is freed from chlorine by adding some solution of 
silver nitrate. The leaves are heated until the ftimes of 
nitrous acid have disappeared. Bumping during the 
ebullition is prevented by throwing a small splinter ct 



ALLOTS OF GOLD. 173 

coal, or, what is still better, a completely carbonized 
pepper-corn, into the flask.^ 

The flask is lifted from the fire by means of a wooden 
clamp, and the solution of silver carefully poured into a 
porcelain dish. Nitric acid of 1.3 specific gravity, pre- 
viously heated to boiling, is now poured upon the leaves, 
and they are again boiled for 10 minutes. The pouring 
off of the solution is repeated, and the leaves are again 
boiled for 10 minutes, with fresh strong nitric acid, pre- 
viously boiled. This thitd boiling is sometimes omitted, 
if the percentage of gold id below 750 thousandths. After 
the third boiling, according to KandeUiard^s experiments, 
such a small residue of silver .remains in the gold, that it 
is equalized by the loss caused by cupellation, and the 
result will be correct. 

(The heating may be done by placing a single flask 
upon a support, with three legs, and provided with a 
handle, over a lamp, or upon glowing coals. If several 
flasks are used at one time, they may be placed in de- 
pressions in the periphery' of a sheet-metal disk, which 
are filled with sand, and- furnished with clamps for holding 
the necks of the flasks ; or, they are placed upon a mov- 
able support, with a gas pipe and burners throwing out 
lateral flames; or upon LevoVa gas-heating apparatus. 
Maithey and JohnHrnC^ new platinum apparatus permits 
of many rolls (10 to 100) being boiled at one time in 
small thimble-like crucibles, which are immersed in the 
acid. It may be highly recommended on account of its 
great convenience, and cleanliness,, and saving of acid. 
Tookey^ uses a platinum tube for heating.) 

» Polyt. Ctrbl. 1857, 1^814. B. u. h. Ztg. 1861, p. 407. 

• B. n. b. Ztg. 1870, p. 9^fS. 

' Diogler, cxcvii. 08. B. u. h. Ztg. 1870, p. 288. 
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By di$>.60lving gilver in nitric arid, nitrous acid is formed which does 
not attack the gold as long as silver is present. But it will do so if it 
is developed after the silver has been removed. Such dev-eloproent 
may be caused by tlie action of the splinter of wood-charcoal placed in 
the Hask to prevent bumping diiring ebullition; in case it should con- 
tain any woody substance. For this reason, it is best to avoid the use 
of charcoal for this purpose. 

g. Washing {riiuing of) the rolls. — After the last boil- 
ing with nitric acid, the acid is poured off, and hot dis- 
tilled water is allowed to flow slowly into the flask from 
a copper kettle, the spout of which is introduced into the 
neck of the flask, or, what is still better, from a glass 
pitcher. While the water is running into the flask the 
latter should be constantly turned, until it is about | full 
of water. The water is then poured out, and this opera- 
tion is twice repeated, until the last traces of silver nitrate 
are removed from the roll and the sides of the flask. 
The flask is now filled entirely full, a small crucible glazed 
inside, or a porc4?lain cup or saucer, is placed over its 
mouth, and both cup and matrass in this position are 
slowly inverted,, which causes the roll to gradually slide 
down into the cup or crucible. The flask is then drawn 
away over the edge of the crucible, after which the water, 
now no longer showing a silver reaction with hydrochloric 
acid, is poured from the crucible. 

h. Drying and annealing of the. rolls. — They are 
thoroughly dried in crucibles, which are covered and 
placed on the shelf in front of the muffle, or into the 
round holes of a metal plate, into which they fit. The 
feet of this plate stand upon a sheet-metal plate, heated 
by glowing coals from below. The matt lustre rolls, which 
are of a brownish color and porous, are now heated in 
the same crucibles in the muflfle-fumace at a white heat, 
whereby they must assume the lustre and color of gold, 
after which they are taken from the crucibles. 
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i. Weighing of the rolls. — After the rolls have become 
cool, they must be quickly weighed, as they easily absorb 
gases, A roll, and another from a control assay are laid 
on the opposite pans of a balance. If they agree (in assays 
from the upper and lower side of a bar, diflPerences may 
occur), they are both weighed, and the percentage of gold 
is thus determined. The average is taken of the upper 
and lower assay. (It is customary to give the lowest 
percentage of fine assays of silver, p. 149.) 

A loss of gold occurs in cupelling, partly on accoimt of 
the volatilization of gold with other metals and partly by 
absorption by the cupel (Kapellenzug). According to 
Kandelhard this loss is equalized by the retention of a 
residue of silver in the roll, but this, according to Rossler,^ 
is not always the case, as differences may occur between 
the found and actual percentage jof gold, from a cooler or 
hotter "brightening" and in alloys of different propor- 
tions. According to Kandelhard's method, the residue 
of silver in the roll is 1 thousandth when 2| parts of sil- 
ver to 1 part gold have been used in the quartation, and 
the alloy has been boiled three times, 1.5 to 2.5 thou- 
sandths if boiled not quite so thoroughly, and up to 5 
thousandths if boiled but once. According to RossJer 
the loss of gold by cupelling increases with the quantity 
of lead used (when \ gramme (3.85 grains) of gold is 
cupelled with 1 to 2 grammes (J 5.43 to 30.87 grains) of 
lead, the loss is only fractions of a thousandth ; when 4 to 
8 grammes (61.73 to 123.5 grains) of lead are used, it is 
over 2 thousandths, even if a residue of silver of nearly 1 
thousandth is taken into consideration). The loss is also 
greater the smaller the gold button is (therefore also when 
a smaller quantity of the sample is weighed) and the 

> Dingier, ccvi. 185. B. u. h. Ztg. 1873, p. 26. 
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smaller the quantity of silver (according' to Bossier^ 1 to 3 
thousandths of pure gold are lost if 4 times the quantity ol 
lead is used in the quartating cupellation ; if the button 
contains more than 2\ times the quantity of silver, the 
residue of silver commences to preponderate, and with a 
large quantity of silver it seems to be almost in excess). 
According to this, assays with a small percentage of gold 
cupelled with much lead would, under otherwise equal 
conditions, come out somewhat worse than those with a 
high percentage, and, if loss of gold and residue of silver 
equalize each other, the loss would preponderate in all 
smaller assays. 

An English commission* liaving caused an examinaition to be made 
of samples of ditferent coins with an accurately determined |)ercentage 
of gold, the errors in the assay were found to amount to from ^-^\^^ to 

Platinum renders the surface of the auriferous silver 
button, after it has been cupelled, crystalline, porous, and 
rough, and, if much of it is present, gray. It is removed 
by cupelling the button resulting from quartation, after 
it has been weighed, with 8 times the quantity of silver 
and lead, and treating the resulting button, after it has 
been laminated, with nitric acid until the weight of the 
roll remains constant and platinum is no longer dissolved 
with the silver.^ Rhodium and iridium produce black 
stains upon the auriferous silver buttons after the bright- 
ening, and, if a large percentage of iridium is present, the 
rolls break and black iridium powder will be found be- 
tween the gold. The gold is then dissolved in aqua regia 
and precipitated with ferrous sulphate. 

1 Report of the British Association, 1875, p. 127* 

< Winkler, Lostichkeit von Plntinsilber in Salpetersaure in Fresenias' 
Ztscbr. 1874, p. S69. B. u. h. Ztg. 1845, p. 145. 
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D'Hennin^ claims to separate the iridium by fusing 12.5 grammes 
(192.89 grains) of gold contftining it with 3 grammes (46.30 grains) 
of sodium arsenate, 18 grammes (277.78 grains) of black flux, and 20 
grammes (308.(55 grains) of a flux consisting of a mixture of borax, 
argol, litharge, and charcoal, into a speiss containing iron and arsenic, 
while the gold and silver are collected in the lead. 

Palladium passes with the silver into solution; if the 
gold containing it is alloyed with 3 times the quantity of 
silver. 

ir. Pulverulent assay (^Stauhprohe) of auriferous silver. 
— a. A sample, about 5 grammes (77.16 grains), is taken 
on opposite ends from the upper and lower side of a bar. 
Duplicates of the .sample of 0.5 gramme (7.71 grains) 
are weighed out, and cupelled in the mint furnace with 8 
times the quantity of silver (p. 166) and the quantity of 
lead which is found to be necessary according to Table II. 
I<. 169, after a preliminary assay has been made. The 
resulting button is laminated by hammering or passing 
it between rollers. It is then placed in a flask, the 
neck of which should not be wider than 6 to 8 milli- 
metei-s (0.23 to 0.31 inch). Here it is boiled with 
nitric acid, of 1.2 specific gravity if the percentage of gold 
is small, and of 1.3 specific gravity if the percentage is 
larger, for instance 100 thousandths, until the vapors of 
nitrous acid have disappeared. The bumping is pre* 
vented by throwing a carbonized grain of pepper, etc. 
(p. 172) into the flask. The pulverulent gold is allowed 
to settle in the flask, which has been placed in a revolving 
stand. The acid is then poured off into a porcelain sau- 
cer or cup, and the gold is rinsed three times with hot 
distilled water. The flask is now filled with water and 
inverted in a small unglazed porcelain crucible. In this 
position they are placed upon the revolving stand until 



1 Dingier, czxxvii. 448. 
12 
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the gold has descended into the crucible. When this is 
the case, the matrass^ is carefully drawn away over the 
side of the crucible. The water is now poured out of the 
crucible by allowing it to run down on a small rod, and 
that which remains behind is soaked up with filter-paper. 
The gold is then dried and strongly ignited in the cruci- 
ble so that the particles of gold form a coherent mass. It 
is then weighed. 

If the button in brightening is less white, and does not 
" spit," or if, as is the case where platinum is present, it 
is crystalline, grayish, and has flat edges, the gold is 
again cupelled with 8 times the quantity of silver and 3 
times that of lead and boiled with acid, and these opera- 
tions must be repeated until the weight of the pulveru- 
lent gold remains constant. 

The gold may also be determined in connection with VoIhard*5 
assay of silver with potassium sulpho-cyanide (p. 156). Juptner 
fuses alloys of gold and silver rich in gold, with 5 to 8 times the quan- 
tity of zinc, and dissolves the alloy in nitric acid, whereby tlie gold 
remains behind. 

h. Separation of auriferous diver grains from samples 
of ores, — This is done in the manner indicated on pp. 
164 c< seq. 

B. Alloys of gold with copper. — The metals are sepa- 
rated by cupelling the alloy with 32 times the quantity 
of lead, and adding 3 times the quantity of silver, other- 
wise the process is the same as given on p. 169. 

^ The fiarrcKw neck of the flasks used in the assay of gold prevents the 
^\T from entering while the flask is being removed, which otherwise might 
«tir up the gold dust. 

' Fjesenius' JZtachr. 1S79, p. 104 ; B. u. h. Ztg. 1879, p. 187. 
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V. PLATINUM. 

36. ORES. 

Ncitive platinum^ almost always combined with other 
metals of the platinum group (Rh, Ir, Pd, Os), with 
precious (Au) and base metals (Fe, Cu), and admixed 
with iridosmium, earthy and metallic minerals. 

37. ASSAY OF PLATINIFEROUS ORES. 

A. Fire assays} — ^These extend to the determination 
of— 

1. Percentage of sand.. — 2 grammes (30.87 grains) of 
ore are mixed with 10 grammes (154.32 grains) of granu- 
lated silver and placed in a clay crucible glazed with 
fused borax. It is covered with 10 grammes (154.32 
grains) of borax glass, with a small piece of wood char- 
coal, and fused. The resulting button is weighed, and 
its difference in weight, as compared with that of the ore, 
giving due consideration to the added silver, indicates 
the percentage of sand. 

2. Percentage of gold. — 10 grammes (154.32 grains) 
of the ore are boiled with mercury for several hours. . It is 
then washed out with hot mercury, and the gold amalgam 
distilled in a small retort. 

3. Percentage of platinum. — The platinum is com- 
bined with lead by fusing 50 grammes (771.61 grains) 
of ore with 75 grammes (1157.42 grains) of granulated 
lead, 50 grammes (771.61 grains) of galena, 10 to 15 
grammes (154.32 to 231.48 grains) of borax, and adding 
to the fused mass 50 grammes (771.61 grains) of litharge; 

« 

< Muspratt'B CUein., t. 1151. 
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or 20 grammes (308.65 grains) of ore are fused with 15 
grammes (231.48 grains) of borax, 30 grammes (462.97 
grains) of soda, 1 gramme (15.43 grains) of powdered 
charcoal, and 50 grammes (771.61 grains) of litharge. 
The fused mass is allowed to cool off, and the lead button 
separated from matt (sulphur compounds of copper, iron, 
and lead) above it, and the iridosmium below it. The 
lead button, if too large, is scorified with some borax 
(p. 65), and cupelled at as high a temperature as pos- 
sible. The platinum remaining is purified by a further 
fusion with 6 to 7 per cent, of lead in a lime crucible 
heated with illuminating gas and oxygen. 

J5. ^ei assay, — 5 to 10 grammes (77:16 to 154.32 
grains) of ore are treated with hydrochloric acid, and the 
residue is washed out and digested with aqiui regia for 
from 8 to 12 hours. The platiniferous solution is filtered 
from the residue (sand, iridosmium) and evaporated 
almost to dryness. Absolute alcohol and solution of sal- 
amoniac are then added. .This is again filtered and 
washed, and the yellow ammonio-platinic chloride is 
dried. This is highly heated, and the resulting spongy 
platinum is weighed. If the ore contains gold, it is 
precipitated from the filtrate of ammonio-platinic chloride 
with . ferrous sulphate. The precipitated gold is then 
digested with hydrochloric acid, filtered, washed and 
dried, and fused with the addition of some borax glass. 

38. ALLOYS OF PLATINUM. 

These may be : — 

1. Gold With platinum, — ^The alloy is cupelled with 
three times the quantity of silver, and sufficient lead to 
remove any copper which may be present (8 to 30 times 
the quantity of lead if from 200 to 500 thousandths or 
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more of copper are present). The laminated button is 
treated with nitric acid, as in the gold assay (p. 169), 
whereby the platinum will be dissolved with the silver, 
the gold remaining behind. The silver is precipitated 
from the solution by means of common salt, and the 
platinum is separated from the filtrate as ammonio- 
platinic chloride, and further treated as on p. 180. If 
the percentage of gold is large, the alloy is dissolved in 
aqua regia^ and the separation conducted in the manner 
indicated for platinum ores (p. 180). 

2. Silver loith platinum. — 0.5 gramme (7.71 grains) 
of the alloy are cupelled with a sufficient quantity of lead 
to remove the copper which may be present, and with 
such a quantity of silver (to be determined by a prelimi- 
nary assay) as to make the ratio, 1 part platinum to 
2 parts of silver. The alloy is laminated and boiled 
twice (each time from 10 to 12 minutes) with concen- 
trated sulphuric acid of 1.85 specific gravity, whereby 
platinum will remain behind in the form of a small roll, 
and, if a larger quantity of silver is present, as a powder. 
It is then washed with hot water, dried, ignited, and 
weighed. 

3. Silver and gold vnih platimim. — 200 milligrammes 
(3.08 grains) are cupelled with sufficient silver, for in- 
stance, 100 milligrammes (1.54 grains), to make the 
ratio 1 part gold to 3 parts silver, and with lead to re- 
move the bojie metals. The button is laminated, being 
frequently heated during the operation. It is then made 
into a roll and boiled with concentrated sulphuric acid. 
The residue is washed, ignited, and weighed ; the 
difference in weight represents the silver originally pre- 
sent plus that added to it. The residue, containing gold, 
platinum, and iridosmium, is cupelled with lead, and with 
a quantity of silver at least 12 times that of the platinum 
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4 

(the effect of less silver would be to leave a residue of 
platinum, and if more is taken the residue will be pul- 
verulent instead of in the form of a roll). The roll is first 
boiled with nitric acid of 1.16 specific gravity, and then 
with acid of 1.26 specific gravity, after which the residuum 
(gold and iridosmium) is washed and ignited. The dis- 
solved platinum is determined from the difference. The 
residue is digested with aqita regia^ and the gold preci- 
pitated with ferrous sulphate, while iridosmium remains 
behind. About 3 hours are required for two assays. 

VI. NICKEL. 

39. ORES. 

Copper nickel^ NiAs, with 44 Ni; antimonml nickel 
(breithaujjdte)^ NiSb, with 31.4 Ni ; rammelsbergite, 
Ni Asg, with 28.2 Ni ; nickel sulphide {millerite)^ NiS, with 

64.5 Ni; antimonial nickel ore (jullmannite)^ NiSbS, with 

27.6 Ni ; nickel glaiice {gersdorffite)^ NiAsS, with 35.1 Ni; 
nickel silicates as revdanskite and garnierite^ with 10 to 
20 Ni; nickel arseniiiie^ NiaAsaOg+SHgO, with 29.5 Ni; 
nickelifermis iroii^ copper^ and magnetic pyrites, 

40. FIRE ASSAY {Plattner^s assay). 

This is based upon the formation of constant combina- 
tions of NiaAs, and CogAs, with respectively 60.7 Ni and 
61.1 Co, and their subsequent treatment, in a manner to 
be indicated with borax, after other foreign admixtures 
have been removed. The process requires certain modi- 
fications {(copper, lead, bismuth, and antimony are present. 
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A. Compounds free from copper. 

1 . A sufficient quantity of assay sample is weighed out 
so that the resulting buttons of NigAs and CojAs will 
weigh from 0.4 to 0.6 gramme (6.17 to 9.26 grains). 
Thus, about 5 grammes (77.16 grains) of poor ores will 
be required, 1.5 to 2.5 grammes (23.15 to 38.58 grains) 
of medium, and 0.5 to 0.6 gramme (7.71 to 9.26 grains) 
of rich ores. 

2. Compounds containing metallic sulphides must be 
completely roasted with charcoal and ammonium carbon- 
ate; otherwise, the buttons cannot be properly slagged 
with borax. Substances free from sulphur need not to 

be roasted. 

* 

5 grumraes (77.16 grains) of ore containing sulphates which cannot 
be decompoaed hj roasting (gypsum, barytes, etc.), with 10 to 15 
graromea (154.32 to 231.48 grains) of borax, 5 to 10 grammes (77.16 
to 154.32 grains) of glass, and 0.5 gramme (7.71 grains) of resin are 
placed ill a suitable crucible (Fig. 42, p. 67), covered with a layer ot' 
common salt, and fused to (brittle) matt (p. 104). This is dead-roasted. 
0.;> to 1.5 gramme (7.71 to 23.15 grains) of arsenic are added if the 
nickel was not combined witli sulphur or arsenic. 

3. Arsenizhig. — The roasted assay sample is intimately 
rubbed together with I to 1 1 times the quantity of metallic 
arsenic in an iron mortar, placed in a suitable covered cru- 
cible (Fig. 42, p. 67), and heated in the muffle, kept at 
orange-red heat (for 10 to 15 minutes) until the arsenical 
flame and vapors have ceased to appear. When this is the 
case, the metallic oxides contained in the roasted sample 
will have been reduced by a part of the arsenic, and con- 
verted by another part into metallic arsenides of variable 
composition (of iron, nickel, cobalt, etc.), which are either 
only sintered together (especially if the charge is rich in 
cobalt), or fused. 
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Compounds free from sulphur and rich in arsenir^ containing more 
arsenic than is necessary for the formation of Co, As and Ni,As, do 
not require roasting and arsenizing. Alloys (argentan, niclcel coin.s 
nickeliferous black copper, etc.) must be laminated, and several times 
arsenized with an equal quantity of arsenic ; and also substances rich 
in cobalt (for instance, mixtures of nickel and cobalt oxides), which 
may have been precipitated in the wet way. 

4. Reducing and solvent fu9imi for the purpose of 
collecting the metallic arsenides into a button (arsenical 
iron, arsenical nickel, arsenical cobalt), and of slagging 
off earths and foreign oxides, zinc being entirely, and 
antimony partly volatilized in the operation. The mass 
is placed in a sound crucible, and 10 to 12.5 grammes 
(154.32 to 192.90 grains) of potassium carbonate and 
flour are added to it. Upon this come a small spoonful 
of borax and two of powdered glass, and a covering of 
common salt with a small piece of coal. The crucible is 
then placed in the muffle-furnace, wood-charcoal is piled 
high around it, the mouth of the muffle is closed, and the 
charge, after the "flaming" has ceased, is fused for one- 
half to three-quarters of an hour at an orange-red heat. 
The assay is then taken out, allowed to cool off, and the 
brittle button very carefully freed from slag. 

Modifications which may occur : 

a. Addition of iron filings: 0.5 to 0.75 gramme (7.71 to 11.57 
grains) of iron tilings must be added during arsenizing, if the ores, etc., 
are rich in cobalt, and refractory; 0.05 to 0.20 gramme (0.77 to 3.08 
grains), if they are entirely free from iron, or contain but little of it. 
in order to prevent the slagging off' of cobalt too soon, by the borax. 
If lead is present, 0.5 to 0.75 gramme (7.71 to 11.57 grains) of iron 
in the form of a tliick wire are added, or the mass is fused in an iron 
crucible, which will allow a better regulation of the consumption of 
iron. The lead attaches itself upon the button of arsenides, and its 
weight is found by weighing lead and button together, cutting the 
former oflT and reweighing. If bismuth is present, it would attach 
Itself upon the brittle button of arsenides, in the form of brittle metal, 
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which could not be detached fix)!!! it. In this ease, it Is necessary to 
add 0.5 to 0.6 gramme (7.71 to 9.26 giiiins) of granulated lead to 
the charge, when a ductile alloy of both metals will separate on the 
button of arsenides, wliich can be esisily disconnected from it. The 
approximate percentage of bismutli can be calculated after deducting 
the added granulated lead, minus 4 per cent. loss. 

b. Arsenizing and fusing in one operation, — The roasted assay 
sample is rubbed together witli arsenic in the same manner as pre- 
viously stated, and the mixture is wrapped up in a cylinder of soda 
paper. The cylinder is formed over a wooden stick of 16 millimeters 
(0.63 inch) diameter, by closing the lapping edges with lac. It is 
pressed firmly into a crucible (Fig. 42, p. 64) and covered with l'> 
grammes (231.48 grains) of black flux, 1 small spoonful of borax, 1 
ttmall spoonful of glass, 15 grammes (231.48 grains) of common salt, 
and a small piece of charcoal. Accurate results are obtained by this 

process Or, tht^ roasted sample is rubbed together with an equal 

quantity of ai*senic and 15 |)er cent, of arsenical iron (Fe,As), and 
fused with the above fluxes. 

5. Slagging off of the arsenical iron. — Wood charcoal 
is placed all about the inside of the muffle, and one or 
two refining dishes are placed in the centre of it. The 
muffle is then closed, and the dishes are brought to a 
white heat by a strong fire. 1.5 to 2 grammes (23.16 
to 30.87 grains) of borax glass are then placed in the 
dishes by means of an iron spoon (or wrapped up in a 
comet), the muffle is closed and the borax fused. The 
button of arsenides is now placed in the dish, the mouth 
of the muffle is again closed, and the button fused as 
quickly as possible at a very high temperature (if the 
temperature is too low and the fusing takes too much 
time, cobalt also will be slagged off}. The mouth of the 
muffle is now opened, placing a piece of glowing charcoal 
in front, to allow the entrance of air, whereby the arsenide 
of iron is oxidized to basic iron arseniate. This covers 
the button with a crust or scale (the scaling of the button) 
which is continuously dissolved by the borax until the 
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surface of the dull button appears bright, when this 
operation is finished. The dish is lifted out by means of 
the tongs, and the lower part of it is first dipped into 
water until its contents has ceased to glow, when the 
entire dish is submerged. The following are indications 
of a successful assay : The button is bright, the slag black 
or green, with a bluish tint, which is a sure indication of 
all the iron having been removed. 

Mod»Jication$, — If the button is very rich in iron it is repeatedly 
treated witli fresh borax, as this is saturated and becomes stiff and the 
button no longer •* drives." 

' Separation of topper-red scale* of iron arseniate from stronglr 
saturated borax. More cobalt will slag off (the slag has a strong blue 
tint) if the temperature is too low or the slagging off is continued too 
long, or when no iron, or but little of it, was present in the button. 

6. Dearsenizing. — An excess of arsenic is volatilized 
by heating the button in a small covered crucible (Fig. 
39, p. 66) in charcoal powder, in the muffle heated to 
bright redness for one-fourth to one-half hour, in order 
that constant combinations of NijAs and Co2x\s shall be 
formed. The resulting button is weighed^ and the ope- 
ration is repeated until its weight remains constant. 

7. Slagging off the cobalt arsenide, — The process is the 
same as in slagging off the iron arsenide (p. 185), but at 
a higher temperature, the quiet button remaining hrigld 
during the slagging off of the cobalt. The process is 
interrupted as soon as a film of apple-green basic nickel 
arseniate forms on the surface of the button. The dish is 
taken and cooled off in the same manner as in the slagging 
off of iron arsenide (p. 185). If the assay has been 
properly done, the bright, white button will show on its 
surface small green patches of nickel arseniate, the slag 
is blue with a violet tint (from the blue of the cobalt and 
the brown of the nickel), and a green stain will be per- 
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ceptible on the place where the button has rested. The 
button consisting of Ni^As is weighed, and the percentage 
of nickel calculated therefrom (p. 182), the Co^As being 
determined from the difference of Co2As+Ni2A82. 

B. Cnpriferous compounds. 

A percentage of copper^ remains behind with Ni^As as 
a constant combination of CujAs, and can be determined 
according to Plattner^s method : 

1. If the percentage of copper is amall^ and does not 
exceed that of nickel, by the addition to the weighed 
button (NioAs+CuaAs) of 6 to 8 times the quantity ot 
goW accurately weighed (to prevent a slagging off of the 
copper in.the subsequent operation). The arsenide button 
with gold addition wrapped in a comet is placed in salt 
of phosphorus which has been fused in a suitable shallow 
dish. This salt exerts a more vigorous effect than borax 
in slagging off with yellowish-brown color the nickel ar- 
seniate which will be formed. If necessary, the oxidizing 
process is continued by renewing the saturated salt ot 
phosphorus until the button appears bright, a proof that 
the nickel is slagged off, the complete volatilization of the 
arsenic being indicated later on by the button ceasing to 
furae. The remaining alloy of Au and Cu is weighed, and 
the weight of the copper, which is obtained by deducting 
that of the added gold, is calculated to Cu^As, with 71,7 
per cent. Cu, and deducted from the total weight of the 
NijAs+CujAs, from which the percentage of nickel is 
calculated. 

This assay becomes less accurate with an increase in 
the percentage of copper, as, during the slagging off of 
the last portions of the nickel arseniate, the copper also 
commences to slag off. For this reason — 

1 B. n. b. Ztg. 1868, p. 24 ; 1868, p 94 (Eleintchmidt) ; 1878, p 88 
(Schweder). 
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2. The iDet metltod is partially made use of when the 
percentage of copper is large. The processes are as fol- 
lows : — 

a. The button consisting of NigAs and CujAs is dis- 
solved in nitric acid, and evaporated to dryness with 
sulphuric acid. The residue is digested with aqueous 
sulphurous acid until no odor of the latter remains. 
The copper and arsenic (also antimony) are now pre- 
cipitated from acid solution by sulphuretted hydrogen, 
and the arsenic sulphide (also antimony sulphide) is ex- 
tracted with a warm solution of sodium sulphide. The 
residue remaining in the filter is washed and dried in the 
roasting dish in front of the muffle, and is then ignited. 
The copper sulphate is rubbed up and strongly heated, 
ammonium carbonate being added towards the end. The 
copper oxide which has been produced is weighed, and 
calculated to CujAs. This is deducted from NigAs^- 
CuaAs to determine the Nig As {Patera). 

b. By another method, the ore, etc., is dissolved, and 
the copper precipitated by the galvanic current (pp. 115 e^ 
s€q,% and the remaining solution with potassium hydrate. 
The precipitate, containing iron, nickel, and cobalt, is 
washed, dried, ignited, arsenized, and the further process 
conducted as given in the dry method, p. 183. When 
much iron is present, it is better, on account of the labor of 
washing the iron precipitate, to prepare an assay accord- 
ing to Plattner, for NiaAs-j-CugAs, to separate the copper 
from a second fresh charge by electrolysis, to calculate 
the copper to CujAs, and deduct this from NiaAs+Cu^As, 
which will give the Ni^As (Schweder). 

NickeliJerouB pyrrhotine^ with 0.82 per cent. Cu and 1.72 per cent. 
Ni and Co: 2 grammes (30.b7 grains) are dissolved as above, p. H7, 
and the copper is precipitated by electrolysis from a solution of 40 
cubic centimeters (2.44 cubic inches) of nitric acid, and 360 cubic 
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centimeters (21.96 cubic inches) of water (p. 115); or 5 grannmes 
(77.16 grains) of ore are roasted and charged with arsenic in a soda 
paper cylinder (p. 185), and fuHed witli fluxing agents in the crucible 
(p. 186); the iron is slagged off twice and the button then dearsenized. 
If cobalt is absent, Ni,As+Cu,A8 will remain behind, and the nickel 
is then calculated as previously stated (p. 187). Cobalt and nickel 
may also be determined by electrolysis, and caculated to (Ni,Co),As, 
and the Cu,As determined from the difference. 

c, Compotinds difficultly sohihle^ a«, for instance^ slags, 
— These are roasted, arsenized, and fused according to 
the process given, on p. 183. If they are poor in nickel, 
several buttons (say five) are wrapped in a cornet and 
treated with borax, as before described. The* iron is 
slagged off, the excess of arsenic removed, and the button 
(NijAs+CujAs) weighed. It is then dissolved in 20 
cubic centimeters (1.22 cubic inches) of nitric acid, 200 
cubic centimeters (12.2 cubic inches) of water are added, 
and the copper is precipitated by electrolysis until it 
commences to be colored black by the arsenic (p. 118). 
The CujAs is calculated from the precipitated copper, 
and deducted from the NigAs+CusAs, etc., or, what is 
still better, in order to avoid constantly watching the 
precipitation of copper, lest arsenic be precipitated with it, 
the button of NijAs + CugAs is dissolved in nitric acid, 
in a covered beaker-glass, then evaporated to dryness, 
and the copper and arsenic are precipitated with sulphur- 
etted hydrogen. The filtrate.is heated in order to drive 
off the sulphuretted hydrogen, ammonium sulphate and 
ammonia are added, and the nickel determined by 
electrolysis (see later on). This is calculated to NijAs, 
which is deducted from NiAs + CujAs, and CujAs is 
found from the difference. 

G. Compounds containing antimony. 

If a large amount of antimony is present, it becomes 
necessary to remove it from the dissolved ore by sulphur- 
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etted hydrogen. It is then filtered, and the filtrate boiled 
in order to expel the sulphuretted hydrogen. The filtrate 
is now oxidized with potassium chlorate, the iron, nickel, 
and cobalt are precipitated with potassium hydrate, and 
the precipitate is filtered, dried, ignited, and arsenized 
(p. 183). 

41. WET ASSAY. 

The gravimetric analysis, being more accurate, and, 
especially the electrolytic assay, more simple than the 
volumetric analysis^ it is more frequently used for the 
wet assay of nickel. 

A. Gravimetric assay. 

1. Electrolytic assay? — ^This is based upon the preci- 
pitation of nickel (and at the same time, of cobalt, if pre- 
sent) from ammoniacal solution (copper from acid solu- 
tion) by the galvanic current. When copi>€r and lead 
are present, 1 gramme (15.43 grains) of ore is dissolved 
in 20 cubic centimeters (1.22 cubic inches) of nitric acid, 
and evaporated with a few drops of sulphuric acid in 
order to form lead sulphate, and the copper, antimony, 
and arsenic in acid solution are precipitated with sul- 
phuretted hydrogen. (This method of precipitation is to 
be preferred as, if the copper is previously precipitated 
from acid solution by the galvanic current, antimony and 
arsenic remain in the filtrate.) 

The filtrate is evaporated in a porcelain dish, first over 
the lamp, then on the water-bath, with the addition of a 
few drops of nitric acid ; and, in case dust should float in 
the fluid, some hydrochloric acid is also added, when the 
liberated chlorine will destroy the organic substances 

< Fresenius' Ztschr. 1872, p. 1 ; B. u. h. Ztg. 1877, p. 5 (Schweder). 
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which otherwise, being converted into sugar by sulphuric 
acid, would, in the subsequent precipitation of the iron, 
hold a part of it in solution as ferrous oxide, which would 
then be precipitated with the nickel. The free sulphuric 
acid is expelled by heating the sand-bath. The mass is 
next dissolved in water and supersaturated with ammonia, 
in order to prepare an ammoniacal solution of copper. 

If but little iron is present, ammonia may be used directly ; but 
should there be a larger quantity, the precipitated ferric hydrate re« 
mains nickeliferous. If this is the case, the residue, completely freed 
from free sulphuric acid by evaporation, is dissolved in 100 cubic 
centimeters (6.1 cubic inches) of hot water, and after the solution has 
become entirely cold, 200 to 300 cubic centimeters (12.2 to 18.3 cubic 
inches) of cold water are added, according as less or more irpn is pre- 
sent. Next a solution of ammonium sesquicarbonate in 12 parts of 
water is added drop by drop from a pipette, under constant stirring, 
until the liquid appears dark brown, but without being turbid (if this 
is the case, a few drops of sulphuric acid must be added), and without 
developing carbonic acid. The vessel is then covered with a watch 
crystal, and the liquid slowly heated to the boiling point, whereby the 
greatest part of the iron will be separated as basic sulphate of a leather- 
yellow color. The vessel is taken from the lire, the watch-crystal 
rinsed off, and the liquid placed in the water-bath and allowed to 
settle. It is then filtered, and the precipitate, which is free from 
cobalt and nickel, washed with hot water. If the assay sample is rich 
in iron, the filtrate will still contain Fe. In this case it is allowed to 
become quite cold, and is then again precipitated with ammonium 
i'arbonate, as above, etc., but the filtrate will always contain notable 
traces of iron. A fete drops of ammonium acetate are then added, and 
the filtrate is evaporated so far that the solution will be contained in 
the beaker-glass, in which it is intended to make the electrolytic pre- 
ci)iitation. The fluid is then filtered into this beaker from the small * 
quantity of iron sediment, supersaturated with ammonia, etc. 

Instead of supersaturating the solution with ammonia, 
it is better to add 20 cubic centimeters (1.22 cubic inches) 
of ammonia and the same quantity of ammonium sulphate 
and to electrqlyze it in the apparatus used for the galvanic 
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assay of copper (p. 1 15). The binding screws of the elec- 
trode should be well coated with shellac to protect them 
against corrosion by the ammoniacal vapors. 

In the presence of much iron, and of ammonium chloride, chlorine, 
which attacks the platinum, will be developed' on the positive electrode. 
For this reason a sulphuric acid solution is to be preferred, and ammo- 
nium sulphate exerts a favorable effect upon the process. 

As the ammoniacal nickel solutions offer greater re- 
aiatance to the galvanic current than the acid copper solu- 
tions, the nickel will be principally deposited on the 
inner sides and lower end of the platinum cone, where 
small bubbles of hydrogen may also make their appear- 
ance, causing the nickel to be deposited in fine, non-cohe- 
rent lamina*, which spring off in the subsequent rinsing 
and drying, thus occasioning losses. This must be avoided 
by suspending the platinum cone in such a manner that 
its lower edge shall be about 1.5 centimeters (0.59 inch) 
above the bottom of the glass ; further, by increasing the 
electrical conductivity of the solution by an addition of 
ammonium sulphate, and by using a current sufficientiy 
strong to give at least 100 cubic centimeters (6.1 cubic 
inches) of oxyhydrogen gas in the voltameter in half an 
hour. A black coating of nickel sesquioxide, which may 
be formed on the positive electrode, will generally disap- 
pear by strongly supersaturating the fluid with ammonia. 
Should this not produce the desired effect, the platinum 
cone is first taken out, placed in water, the spiral is then 
removed, and a few drops of hydrochloric acid are allowed 
to drip down on it, which will cause the coating to dis- 
solve with evolution of chlorine. Some ammonia is then 
added and the apparatus again put in place and allowed 
to operate for a few hours longer. Should ferric hydrate 
be separated, it is collected, in case it is to be determined 
by volumetric assay, and added to that first obtained. 
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After an electrolyzation of about 18 hours, the platinum 
cone is taken out, placed in a beaket-glass containing 
water, and rinsed off with hot water. It is then taken 
out and placed upon several thicknesses of filter paper. 
From here it is brought into a beaker-glass containing 
alcohol, alcohol being likewise allowed to run down on 
the wire. The cone is next placed upon blotting paper 
and then completely dried upon a sheet-iron plate heated 
over a lamp. After it has become cool, it is weighed and 
the nickel (or nickel and cobalt) is ascertained from the 
increase in weight. 

When zinc is present, sonne of which is precipitated along with 
nickel (hydrochloric and nitric acid, and their salts, prevent this pre- 
cipitation, but sulphuric acid does not), the hydrochloric or nitric acid 
solution is treated, after driving off the sulphuretted hydrogen, with 
sodium carbonate until it exhibits only a slight acid reaction. Metre 
sulphuretted hydrogen is then introduced, in order to precipitate zinc 
sulphide, until no further increase of the precipitate is perceptible ; 
a drop of a diluted solution of sodium acetate is then added. Sulphur- 
etted hydrogen is now again introduced for some time, and the liquid 
then allowed to t»tand quietly for twelve hours. It is then filtered and 
washed with sulphuretted hydrogen water. The zinc sulphide is dia- 
splved in hydrochloric acid, and precipitated, after the sulphuretted 
hydrogen has been expelled, by sodium carbonate ; or th^ zinc sulphide, 
with the addition of some sulphur, is ignited in a current of hydrogen 
gas (p. 121). The nickeliferous filtrate, from the precipitate with 
sulphuretted hydrogen, is heated, some ammonia added, and it is then 
electrolyzed, after the iron has been separated in the manntr indicated 
on p. 191. 

The platinum cone coated with cobalt and nickel is 
placed in a beaker-glass, and covered with a mixture of 1 
part of nitric acid, of 1.2 specific gravity, and 3 parts of 
water. This is heated until solution of the metallic de- 
posit is complete. The cone is then taken out and rinsed 
off with hot water. The solution is evaporated to a small 
volume, and some potassium hydrate added until precipi- 

13 
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tation just begins. The precipitate is dissolved by the 
addition of some acetic acid, a concentrated solution of po- 
tassium nitrite is added, and the fluid allowed to stand for 
24 hours. The yellow precipitate of CO(NOa)3+ 3KN0o 
is filtered off, and washed first with potassium acetate 
and then with alcohol. It is next dissolved in sulphuric 
acid, and digested till the odor of nitrous acid has been 
entirely dispelled. It is then neutralized with ammonia, 
20 cubic centimeters (1.22 cubic inches) of ammonium 
sulphate and the same quantity of ammonia are added, 
and the solution again subjected to electrolyzation. The 
cobalt is weighed, and the nickel determined from the 
difference. 

Determinatiofi of nickel in pyrites and matl.^ — 2 to 5 grammes 
(30.87 to 77.16 grains) of the substance are dissolved in hydrocbioric 
acid, to which some nitric acid has been added, and the solution pre- 
cipitated with sulphuretted hydrogen (p. 190). The filtrate is boiled 
in order to expel the sulphuretted hydrogen, and nitric acid or pota?- 
Hium chlorate is added to oxidize ferrous to ferric oxide. Aramonia 
is then added until some precipitate forms, but without precipitation 
being complete. Some acetic acid is now added until a deep-red solution 
is formed. This is boiled, and a solution of concentrated sodium phos- 
phate is added in excess, -The precipitate of iron is filtered off and washed 
with hot water containing some acetic acid. The filtrate is boiled, 
and^ potassium hydrate added until an odor of ammonia is clearly 
perceptible. The apple-green nickel phosphate is washed out, dis- 
solved in diluted sulphuric acid, and made strongly alkaline by addi- 
tion of ammonia. The solution is then subjected to electrolyzation. 
When more than 3 per cent, of nickel is present, the precipitate of 
iron is again dissolved, reprecipitated, etc. A trace of iron, but not 
enough to influence the precipitation of nickel by the battery, may 
reniain in the solution if too small a quantity of sodium phosphate is 
present, or if the solution was made alkaline before the addition of 
Acetic acid. 

» B. u. h. Ztg. 1878, p. 41. 
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2. Other assays} 

a. The ore, etc., is dissolved in aqua regia and evapo- 
rated with the addition of sulphuric acid. Aqueous sul- 
phurous acid is added to this in order to reduce the arsenic 
acid. The sulphurous acid is then removed by boiling, 
and the copper, arsenic, etc, are precipitated with sulphu- 
retted hydrogen. The liquid is then filtered, the sulphu- 
retted hydrogen removed by evaporation, and the ferrous 
oxide oxidized by potassium chlorate. Sodium carbonate 
boiUng hot, is then added until a permanent precipitate is 
formed. A drop of hydrochloric acid is now added, until 
the precipitate just disappears, and then a large quantity 
of sodium acetate added to the hot solution. This is 
boiled for 10 to 15 minutes, and the precipitate of iron 
and alumina quickly filtered off, washed, and again dis- 
solved in hydrochloric acid, etc., in order to separate such 
traces of nickel as it may contain. Chlorine w^ter in 
added to the nickeliferous filtrate, followed by potassium 
hydrate (some zinc also will be precipitated), and if neces- 
sary, more chlorine water. This is boiled for a quarter 
of an hour, or until the precipitate of nickel and cobalt 
sesquioxides has assumed a black color. It is then fil- 
tered, the precipitate dried, and the oxides reduced in 
a ciurent of hydrogen gas (p. 121). For the separation 
(^/nickel and cobalt^ the weighed metals are dissolved in 
hydrochloric acid. The solution is slightly supersaturated 
with sodium carbonate. A concentrated solution of po- 
tassium nitrite is added, and then some acetic acid until 
a weak acid reaction is established. The liquid is then 
allowed to stand for 24 hours, when the vellow cobalt 
precipate is filtered off and washed with a concentrated 

* Presenlus^ Verfabren fttr Erzo, Leche tiiid Speisen in Fresenias^ 
Zlichr. xii. 70. 
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solution of potassium chloride or potassium sulphate. 
♦The precipitate is now dissolved in hydrochloric acid, the 
solution precipitated with sodium hydrate and chlorine 
water, etc., and the cobalt sesquioxide reduced in a current 
of hydrogen gas. The solution carr}'ing the nickel is pre- 
cipitated with potassium hydrate and chlorine water, etc. 

In order to separate the iron, tlie oxidized iron !» parti j precipitated 
with sodium carbonate (p. 195). Some acetic acid is added, and the 
liquid 18 heated to 30 to 40^ C. (86 to 104° F.) in order to dissolve 
the precipitated iron. It is then boiled, the precipitated iron is again 
disRolved two or three times, and the precipitation repeated to separate 
the nickel from it. Finally, by adding sodium sulphide the ferric oxide 
is converted into iron sulphide, and this is treated with diluted hydra- 
chloric acid, whereby a trace of nickel sulphide may still be found in 
the residue. 

6. Niclceliferoua solution from the assay with sutpho- 
cyanide for determining copper in nickel coins, — In order 
to decompose the sulpho-cyanide, the solution is evapo- 
rated with the addition of 10 cubic centimeters (0.61 
cubic inch) of nitric acid, which will cause the fluid to 
become first red, and then colorless. The nickel is pre- 
cipitated by pouring the nickeliferous liquid into a boil- 
ing solution of 100 cubic centimeters (6.1 cubic inches) of 
sodium hydrate, 10 per cent, strength, which is boiling in 
a platinum evaporating dish. It is allowed to boil, then 
diluted with water, and again heated to the boiling point. 
It is allowed to settle, and then decanted through a filter. 
The precipitate is again boiled three times, each time with 
200 cubic centimeters (12.2 cubic inches) of water, and 
then filtered. The precipitate is dried, heated to redness, 
and rubbed fine, again washed with boiling water, dried, 
ignited, and the nickel determined from the nickel pro- 
toxide' (now free from alkali) with 78.38 per cent, nickel. 

> Fr^senius' Ztschr. 1S78, p. 58. 
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Inaccurate results will follow if less, or less concentrated, sodium 
hydrate is used, or if the washing is continued too long, as under these 
circumstances some nickel is dissolved iis hydrated oxide. 

B. Volumetric aaeay toith sodium sulphide^ — The 
copper which may be present is removed by means of sul- 
phuretted hydrogen, and its percentage determined by 
the potassium cyanide method (p. 124). The filtrate from 
the precipitiition with sulphuretted hydrogen is evapo- 
rated with nitric acid, and the iron precipitated with 
ammonia. The precipitate is dissolved twice or three 
times, and again precipitated with ammonia (the methods 
with ammonium sesquicarbonate (p. 19) or with sodium 
acetate (p. 195) give a more accurate separation) ; a stan- 
dard solution of sodium sulphide, 50 cubic centimeters 
(3.05 cubic inches) of which precipitate 25 gramme 
(3.85 grains) of nickel, is then added to the vigorously 
boiling solution, until all the nickel (with cobalt) has been 
separated. The addition of sodium sulphide is made in 
quantities of not more than ^ cubic centimeter (0.015 cubic 
inch) at a time, the solution being maintained at the 
boiling point, until a filtered drop becomes brown when 
brought in contact with lead solution upon a porcelain 
plate. — ^The solution of lead is prepared by dissolving 
equal quantities of lead acetate and potassium tartrate in 
caustic potassa. The normal solution is prepared by dis- 
solving 0.25 gramme (3.85 grains) of pure nickel (or 
cobalt), or an equivalent quantity of pure oxide or salt, 
in 5 cubic centimeters (0.3 cubic inch) of concentrated 
nitric acid. This is diluted with water, supersaturated 
with ammonia, tested with a saturated solution of sodium 
sulphide, which is thereupon suitably diluted. 

1 Journftl fiir prakt. Chemie, Ixxxviii. 486 (Kuntzcl) ; xcH. 450 (Wink- 
ler) ; FreseniuB' Zlscbr. vi. 66 (Braan). 
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Separation of cobalt, — The mefallic sulphides of nickel and cobalt, 
.which have been precipitated with sodium sulphide, are filtered off, 
and the precipitate is washed with sulphuretted hydrogen water. It 
is then dissolved in aqua regia and evaporated with hydrochloric 
acid to expel the nitric acid. It is now strongly diluted with water 
in a suitable flask, and nearly neutralized. Elutriated barium car- 
bonate is added, chlorine gas introduced, and the precipitated black 
cobalt sesquioxide dissolved in hydrochloric acid. The barium \* 
precipitated with sulphuric acid, ammonia in excess is added, and the 
cobalt titrated with solution of sodium sulphide. The barium is then 
precipitated from the nickeliferous filtrate, ammonia is added, and the 
nickel similarly titrated with solution of sodium sulphide. When zinc 
and manganese are present, the ores are fused with potassium cyanide, 
arsenious acid, soda, and black flux, to a button containing all the 
nickel and cobalt, as well as a part of the copper and iron, while zinc 
and manganese are slagged off. The button is dissolved in aqua regta^ 
the copper and arsenic are pi-ecipitated, hot, with sulphuretted hydro- 
gen, and the nickel and cobalt determined as above. 

C. Gohrimetric assay? — A coloriraetric method for 
determining nickel has been proposed by Winkler, but 
it is of little practical value. 



▼II. COBALT. 

42. ORES. 

Svmlttne^ CoAsg, with 28.19 Co ;* cobalt glance {cobal- 
Une)^ CoAsS, with 35.5 Co; cobalt pyritea {Hnnaeite), 
(NiS.CoS.FeS) (Ni2S3.Co2S,.Fe,S3), with 14.6 Ni and 11 
to 40.7 Co; glauaydot, (Fe Co) AsS, with 24.77 Co; 
earthy cobalt, (CoO.CuO)2Mn02+4H20; ccbalt bloom, 
C03ASA+8H2O, with 37.5 CoO= 29.5 Co. 

^ Journ. f. prakt. Chem , xcvii. 414. 
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43. ASSAYS OF COBALT. 



The object of the assays ii 

1. The determinaiio7i of cobalt by the dry (p. 183) or 
the wet method; in the latter case by graviitietrie (p. 
195) and volumetric analysis (p. 197), of which the de- 
tails have already been given in the foregoing chapter on 
nickel. 

2. The determination of the blue coloring power 
(density), and the beauty of the colors (smalt colors) 
which are formed in fusing ores and products containing 
cobaltous oxide with different quantities of potassium 
silicates {smalt assay). 

44. SMALT ASSAY. 

Cobaltous oxide, either contained as such in the ores 
(earthy cobalt, cobalt bloom), or produced by roasting 
sulphurized and arsenized ores, gives a blue color to fused 
potassium silicate (smalt glass, very likely Co0.3Si02+ 
KjO.SSiOg), the color, under otherwise equal conditions, 
being the more intense, the richer the ore in cobaltous 
oxide. The presence of foreign metallic oxides, which 
also dissolve in potassium silicate, exerts an injurious 
effect upon the beauty of the blue tint. 

Nickel protoxide^ the most injurious foreign substance, produces an 
objectionable reddiah or violet tint; ferrou$ oxide^ if present in small 
quantities, gives a greenish shade, but ferric oxide^ hi$muih oxide^ 
lead exide, and manganoui oxide effect the cobalt color to a very 
small extent only. Manganic oxide gives a violet tint ; cupric oxide^ 
a green; cuprous oxide, a red tint; while the coloring power of 
manganous oxide is counteracted by that of ferrous oxide, if both are 
present. 

In roasting arsenized and sulphurized cobalt ores, the 
various metals become oxidized in succession, cobalt tlie 
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soonest of them all, so that it becoihes necessary to con- 
duct the roasting of the ores in such a manner that 
cobaltous oxide only is produced, which, on being fused 
with silicic acid and potash, gives the beautifully colored 
smalt. The foreign metals should not become oxidized, 
but remain combined with arsenic or sulphur, forming a 
cobalt speiss. 

As, in roasting the above-named arsenides and sulphides, cobalt is 
first oxidised, and iron and bismuth earlier than copper and nickel, 
ores containing copper and nickel must not be roasted too strongly, 
and least of all dead-roasted ; this may, however, be done with entirely 
pure ores of cobalt, or such as contain only iron, as, in the latter case, 
ferric oxide is formed, which only slightly affects the cobalt color. If 
impure ores are roasted too little, a beautiful smalt is formed, but much 
cobalt is lost in the speiss. 

The object of the smalt assay is either, o, the deter- 
mination of the coloring power of a sample {assay for 
determining the intensity of the color)^ or, 6, to acertaiu 
the degree of roasting to which the ore must be subjected 
in order to obtain a color of pure quality {assay to deter- 
mine the color tone), or, c, to determine how much of an 
already known sample must be taken to produce a certain 
shade of color. 

Several lots of ore, each from 1 to 5 grammes (15.43 to 
77.16 grains) according to the richness of the ore, are 
weighed off. The separate lots are each roasted for a 
different length of time (for instance, the first lot j; of an 
hour, and the subsequent lots each from 10 to 15 minutes 
longer), while one of the samples is left unroasted. Each 
sample is divided by weighing into two equal parts, of 
which one is tested with fluxes to determine the qucdUy 
of color, and the other its intensity. 

A. Assay to determine the quality of color, — Each 
sample is mixed with three times the quantity, by weight, 
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of quartz free from iron and manganese, and with a 
quantity of pure potash corresponding to half the com- 
bined weight of quartz and ore. The mixture is placed 
in flat dishes of white fire-clay (smalt-dishes). It is then 
fused in the muffle (Fig. 25, p. 51), which should be 
heated as strongly as possible, until a completely homo- 
geneous glass has been formed (this will require 4 hours 
or longer). A sample is then taken from the charge by 
means of a pair of tongs and cooled off in water. The 
mass is dried and pounded in a bright steel mortar, in 
order to obtain angular fragments (powdered smalt is apt 
to appear dirty). The fragments are sifted upon white 
paper, and, without .taking intensity into consideration, a 
judgment is formed at which degiee of roasting the most 
beautiful color has been obtained. 

B. Assay to determine the intensity. — The assay sample 
is fused in the above manner with diffcM'cnt quantities of 
quartz (for instance, 1 to 10 times the quantity), and half 
the quantity of both of potash, to a homogeneous cobalt 
glass. Generally 2.5 grammes (38.59 grains) of the assay 
sample are taken when it has been mixed with once to 
twice the quantity of quartz, and 1.25 grammes (19.29 
grains) if with more quartz, to prevent the crucibles from 
becoming too full. Too much quartz makes it difficult 
to fuse the mixture, and too much potassa gives smeary 
colors. A sample is taken from the smelted mass, cooled 
off, and dried. It is then pounded and sifted, or washed 
in spitz-glasses (Fig. 3, p. 28), and its color compared 
with that of a standard (muster), as to color and grain. 
This is done by spreading some of the standard color with 
a knife evenly upon a board, and placing a quantity, as 
large as a pea, of the assay sample upon it and pressing 
the latter into the former, when an experienced eye can 
tell in a well lighted room (not exposed to the direct 
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rays of the sun) whether the assay sample corresponds 
with the standai'd in color-tone and grain, or not. If it 
should correspond in all respects, a confirmatory test is 
made by pressing some of the standard into the a^ay 
sample, when the same conditions must exist, and by ex- 
amining the grain in both cases with a magnifying glass. 

As moist smalt appears darker than dry, the standard and assay 
sample must stand for from 6 to 8 hours alongside of c;ach other id a 
somewhat damp place, before the examination is made. The intensity 
of the color also increases witli the coarseness of the grain, and an ex- 
perienced eve and skilful hand are required to give the assay sample 
taken from the fused mass, the same grain as the standard with which 
it is to be compared. If the color of the assay sample is lighter than 
the standard with which it is compared, the assay must be repeated 
with a larger quantity of ore, and vice versa. If the color is not ex- 
actly the same, recourse is frequently had to mixing the product with 
lighter or darker varieties of smalt. An ore is the more valuable, the 
more quartz it requires for the production of a certain intensity of 
color. 

7III. ZINC. 

45. ORES. 

Smithaonite (zinc carbonate)^ ZnCOj, with 52 Zn; cal^- 
mine (zinc silicate)^ Zn2Si04+ 3H2O, with 53.7 Zn ; wilk' 
mite^ Zn2Si04, with 58.1 Zn ; zinc bloom^ ZnaCO, + 2H.2O, 
with 57.1 Zn; zirt^: blende^ ZnS, with 67.01 Zn ; zinkUe, 
ZnO, with 80.24 Zn; franklinite, (Zn, Fe) (Fe2Mn2)0,, 
with 21 Zn. 

46. DRY ASSAYS. 

These are inaccurate, but give approximately the qual- 
ity of the metal which may be expected from an ore (rft*- 
tillaiixm assm/)^ or the approximate percentage of zinc. 
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For many purposes they are sufficiently accurate (indirect 
assay). 

A. Assay by distillation. — A mixture of 400 to 500 
grammes (6172,94 to 7716.17 grains) of the comminuted 
assay sample with 80 to 100 per cent, of powdered char- 
coal, and, in case calamine is to be assayed, with 80 to 100 
grammes (1234.58 to 1543.23 grains) of potash or cal- 
cined soda, is placed in a retort of refractory clay and 
heated in a funiace with a strong draught (Fig. 30, p. 56). 
The neck of the retort should project about 10 centime- 
ters (3.93 inches). In it is luted a tube of glass or por- 
celain about 30 centimeters (11.81 inches) long, which is 
kept cool by moistened rags wrapped around it. The 
burning gases and the fumes escape from the end of the 
tube, while the zinc, mixed with oxide, which is distilled 
over, is mostly deposited in the neck of the retort and 
but little of it in the tube. After the " flaming" ceases, 
the tube should be frequently poked with an iron wire. 
The retort, after having been exposed to a white heat for 
several hours and the "flaming" having entirely ceased, 
is taken from the furnace and allowed to cool off. The 
metallic zinc is scraped fron\ the neck of the retort, is 
placed in a orucihle and fused with black flux and a cov- 
ering of common salt. It is then poured out into an 
ingot mould and weighed. The retort is carefully broken 
into pieces, and all those having adhering to them either 
zinc or zinc oxide are collected together and placed in 
a porcelain dish, and the metal dissolved off by digestion 
with nitric acid. The solution is filtered and evaporated 
to dryness. The residue is heated to redness, the zinc 
calculated from the resulting zinc oxide, with 80.24 per 
cent, of zinc and added to the metallic zinc. 

B, Lidirect assay. — 5 grammes (77.16 grains) of zinc 
hlende are placed in a covered crucible (Fig. 39, p. 66) and 
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heated under the muffle in order to expel the volatile 
substances. After it has been cooled off, it is weighed 
and the ignition repeated until a constant weight is 
obtained. The accurately weighed refractory residue 
is mixed with 3 grammes (46.30 grains) of iron filings 
free from rust, and 2.5 grammes (38.58 grains) of blast- 
furnace slag. The mixture is brought into a charcoal- 
lined iron crucible (Fig. 43, p. 67), covered with 2.5 
grammes (38.58 grains) of blast-fumace slag, and the 
remaining space filled up with powdered charcoal. A 
loosely fitting cover is luted on. The charge is then 
heated at a white heat in the blast-furnace for f to 1 hour, 
whereby iron sulphide is formed, while zinc volatilize.s 
and the earthy substances fuse together with the iron 
slag. After the charge has become cool, the button con- 
sisting of brittle matt and slag is weighed, and its weight 
deducted from that of the refractory residue of the zinc 
blende plus 3 grammes (46.30 grains) iron filings, phis 5 
gi'ammes (77.16 grains) of iron slag. The difference will 
give the percentage of zinc. The fewer the metallic im- 
purities in the blende, which would be separated by the 
iron and volatilized (such as antimony, lead, bismuth, 
etc.), the more accurate will this method be. 

• 

47. WET ASSAYS.' 

Gravimetric and volumetric methods are used. Al- 
though the latter assay is somewhat less accurate than 
the former, it is nevertheless available in manv cases for 
practical purposes. 

A Gravim^tiic dssays. 

1. Determination of zinc as zinc sulphide. — 1 gramme 
(15.43 grains) of the finely powdered assay sample, 

> B. u. h. Ztg. 1876, p. 148, 178 (Laur). 
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previously dried at 100° C. (212° F.), is placed in along- 
nceked flask and dissolved in nitric acid. Every trace ot 
nitrous acid is remove^ by boiling, and the fluid is then 
strongly evaporated, 30 cubic centimeters (1,83 cubic 
inches) of nitric acid and about 200 cubic centimeters 
(12.2 cubic inches) of water are added, and the solution is 
then precipitated with sulphuretted hydrogen without 
pre\ious filtration. The whole is now filtered ofl^ (metal- 
lic sidphides, quartz, etc.) and washed. A flask is now 
placed beneath the funnel, and its contents" is treated 
with hot nitric acid not too concentrated. The filter is 
then perforated, the undissolved residue rinsed off" into 
the flask, and the filter washed out. The fluid is strongly 
reduced by boiling, and then water and 30 cubic centi- 
meters (1.83 cubic inches) of nitric acid are added. It 
is again precipitated w ith sulphuretted hydrogen, filtered, 
and the filtrate which carries some zinc is added to the 
principal zinc solution. The entire filtrate is then boiled 
nearly to dryness in the long-necked flask in order to re- 
move the sulphuretted hydrogen, some potassium chlorate 
being added for the higher oxidation of any ferrous oxide. 
The mass is then supersaturated with pure ammonia, the 
iron precipitate filtered off, washed and dissolved in hot, 
medium strong nitric acid. It is now again precipitated 
with ammonia to extract anv residue of zinc, and filtered 
through the same filter, these manipulations being re- 
peated once or twice more. The entire filtrate is now 
acidulated with acetic acid, diluted to the volume of at 
least 2 liters (3.52 pints), sulphuretted hydrogen is intro- 
duced (in the absence of nickel and cobalt), and the liquid 
is then allowed to stand for 24 hours. The clear liquid 
is then poured off* upon a filter, and finally the zinc sul- 
phide. The flask is rinsed out with sulphuretted hydro- 
gen water, the precipitate is also washed with it with the 
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addition of some ammonium acetate. The filtrate from 
the zinc sulphide is supersaturated with ammonia and 
allowed to stand for at least 24 hours in a covered glass 
in order to see whether any zinc sulphide is still deposited. 
The filter is dried, and the zinc sulphide adhering to it 
detached by rubbing, the filter being entirely closed dur- 
ing the operation. The zinc sulphide, together with the 
ash of the filter and some distilled sulphur, is heated in 
one of Rosens crucibles (Fig. 52, p. 122) until it commences 
to frit, and then in a current of dry hydrogen until two 
weighings correspond (ZnS = 67.01 Zn). The determi- 
nation of zinc as zinc sulphide is very accurate. 

2. Determination of zinc as zinc oxide. — 1 gramme 
(15.43 grains) of ore is dissolved in aq^ia regi^in and 
ammonia in excess and ammonium carbonate are added, 
whereby zinc (and copper) passes into solution. The 
resulting precipitate (iron, lead, etc.) is again dissolved 
and precipitated, and ammonia added to extract any 
remaining traces of zinc. The zinc (and copper) is then 
precipitated from the filtra^^e with sodium sulphide, and 
filtered. The zinc sulphide is separated Irom the copper sul- 
phide upon the filter by treating with diluted hydrochloric 
acid, and the copper sulphide remaining behind is washed. 
The zinc is precipitated in the boiling filtrate by means of 
sodium carbonate, washed, dried, ignited, and weighed as 
zinc oxide containing 80.24 per cent, of zinc. 

The zinc may also be precipitated from the neutralized 
filtrate from the copper sulphide by means of sodium 
sulphide, and determined as zinc sulphide (p. 204). This 
assay is less accurate than the foregoing one. 

3. Oalvanic assay ^ according to Beilstein and Jawein.^ 

I Liebig'8 Jahresber. 1S65, p. 686 (Luckow) ; Fresenius' ZUchr. xv. 303 
(Wrightson) ; .xvi. 469 (Parodi und Mascazzini). B. u. h. Ztg. 1878, p. ^ 
(Riche). Ber. d deutsch. ehem. Gea. 1879, No. 5, p. 446 (Beilstein and 
Jawein). 
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— 0.5 to 1 gramme (7.71 to 15.43 grains) of ore is dissolved 
in nitric. or sulphuric acid, and caustic soda added until a 
precipitate is formed. Solution of potassium cyanide is 
gradually added until the solution becomes clear, and 
then the platinum electrodes (p. 117) are immersed in 
the solution. The current of 4 Bnnsen elements (the 
cylinder of zinc 15.5 centimeters (6.1 inches) high, the 
carbon dipping into nitric acid, with which 0.1 gramme 
(1.54 grains) of zinc will be precipitated per hour) is 
then passed through the liquid. The beaker-glass con- 
taining the solution should be placed in a dish of cold 
water, to prevent it, in case but a small quantity is being 
operated on, from becoming strongly heated by the action 
of the electric current. When precipitation is supposed 
to be complete, the electrodes are lifted out of the fluid, 
the zinc is first washed off with water, next with alcohol, 
and finally with ether, and then dried in the desiccator. 
After being weighed, the zinc is dissolved from the 
platinum with hydrochloric or nitric acid, and the elec- 
trodes are again placed in the fluid in order to test it for 
any residual zinc. Black stains, which may be perceived 
upon the electrodes, after the zinc has been removed, 
originate from finely divided platinum. 

WIten capper is present (as for instance with brass), the sample is 
dissolved in nitric acid and evaporated to dryness. The residue is 
taken up with water, and the copper precipitated by electrolysis from 
the solution previously acidulated with nitric acid, when lead will be 
deposited on the platinum spiral as peroxide. The zinc is then pre- 
cipitated as above described. 

-B. Volumetric assay 8. — Of the volumetric assays which 
have been recommended — 
1. ScJiaffner^s assay with sodium sulpltide^ is used 

* B. u h. Ztg. 1856, p. 281, 306; 1857, p. 60 (Schaffner) ; 1876, p. 148, 
174 (Lanr) ; p. 225 (Thum) ; p 304 (Tobler). Journ. f. prakt. Chem. 
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more than any other. This is based upon the precipita- 
tion of zinc from ammoniacal solution bv means of sodium 
sulphide. The termination of precipitation is indicated 
by the blackening of ferric hydrate as below described. 
This assay, if certain precautionary measures are adopted, 
allows -of a determination of the zinc to within 0.5 per 
cent. The presence of metals soluble in ammonia {copper 
and manganeffe ; nickel and cohaH occur but seldom) 
requires modifications of the method. 

0.5 gramme (7.71 grains) oi oxidized ores (smithsonite, 
calamine), with over 35 per cent, of zinc, and more, if 
the ore is poorer, are dissolved in heated hydrochloric 
acid, with an addition of a few drops of nitric acid, to 
oxidize the iron ; the solution is then supersaturated 
with ammonia : or, raw, or roasted zinc blende is dissolved 
in aqua regia, evaporated to dryness, and the residue 
dissolved in 5 cubic centimeters (0.3 cubic inch) of hydro- 
chloric acid and some water. Copper (also lead, anti- 
mony, etc.) being frequently present, the solution is pre- 
cipitated with sulphuretted hydrogen, filtered, and the 
gas driven off by boiling. 10 cubic centimeters (0.61 
cubic inch) of aqua regia are added (or some chlorine 
water, or a few drops of bromine may be added to the 
acid solution, or potassium permanganate to faint reddish 
coloration to the ammoniacal solution, and allowing it to 
stand for one hour) for the higher oxidation of the irm 
• and ma7igane8e (if iron alone is present, an addition of 
nitric acid or potassium chlorate suffices), which, when 
ammonia in excess is added, are precipitated as hydrated 

Ixxxviii. 486 (Kiintzel). Presenilis' Ztschr. 1870, p. 465 (Deus) ; 1871, p. 
209 (Schott). Mohr, Titrirmethode, 1874, p. 466 (F. Mohr). Dingier, 
cxiviii. 115 vG. Mohr). Preuss. Ztschr. Bd. 25 (Hampe). Berggeist, 1874, 
No. 8 (Altenberger Pr.). Berichte der deutsch. chem. Ges. 1879, No. 8, 
p. 270 (Aarland). 
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oxides, while the zinc remains in solution. The hydrated 
oxides are again dissolved in hydrochloric acid and pre- 
cipitated with ammonia in excess, in order to extract any 
residue of zinc. Both filtrates are then united and 
diluted (to 500 cubic centimeters (80,51 cubic inches) if 
5 grammes (77.16 grains), and to 175 to 225 cubic 
centimeters (10.67 to 13.72 cubic inches) if 0.5 
gramme (7.71 grains) of ore have been used). 50 cubic 
centimeters (3.05 cubic inches) of the fluid are then 
placed in a beaker-glass, 1 to 2 drops of a solution of 
ferric chloride of the concentration given below are 
dropped into 1 cubic centimeter (0.061 cubic inch) of 
ammonia contained in a porcelain saucer. The precipi- 
tated hydrated ferric oxide is carefully rinsed into the 
beaker-glass, wherq it settles on the bottom. Titrated 
solution of sodium sulphide (1 cubic centimeter (0.061 
cubic inch) = 0.008 to 0.009 gramme (0.12 to 0.14 
grain) of zinc) is then added, the contents of the beaker- 
glass being given a spiral motion in the mean while, so 
that the flakes remain on the bottom. The addition of 
the sodium sulphide is continued until flakes of ferric 
oxide become discolored, and finally assume a brown 
color, which indicates that all the zinc has been precipi- 
tated.^ 

The following have also been recommended as indicators for recog- 
nizing tbe final Yeaction ; though none of them have taken the place of 
the hydrated ferric oxide. Porcelain saturated with ferric chloride 
{Barreswill)^ or (Miper (Streng) which is weighted witli platinum 
wire and laid upon the bottom of the beaker-glass ; drop samples 
(Tupfproben) with nickel chloride (KUntzei)^ cobaltous chloride 
(Z)fii«), alkaline solution of lead tartrate {F. Mohr)\ blotting-paper 
i>aturated with sugar of lead, and then treated with ammonium car- 

' It is advisable to have a stand with three burettes respectively for solu- 
tion of zinc, sodium sulphide, and ferric chloride. 
14 
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bonate (Fresenifis) ; nitro-pruasiate of sodium (C JIdohr); sized paper 
coated with white lead, so-callei] '< polka" paper (Schott)^ over which 
filtered drops of the fluid are allowed to run. 

The following points must be observed in order to 
make the assay successful. 

tt. The quantity of the hyUrated ferric oxide^ which is 
added, must not vary too much, and must possess a uni- 
form coherence. This may be produced by dissolving 3 
grammes (46.30 grains) of piano wire in aqua regia^ and 
diluting this to a bulk of 100 cubic centimeters (6.1 cubic 
inches]^. The same number of drops of this solution are 
allowed to fall each time, for instance from a burette, into 
1 cubic centimeter (0.061 cubic inch) of concentrated 
ammonia (p. 209). The ring-like clot of hydrated 
ferric oxide which will be formed in about one minute 
may then be rinsed into the fluid which is to be titrated. 

6. The same shade of coloration of the hydroied ferric 
oxide used in the operation should always be taken as 
closely as possible to indicate the end of the reaction, as 
the quantities of sodium sulphide consumed in producing 
various shades vary considerably. 

c. The q^tautity of fluids into which the added excess of 
sodium sulphide is divided in titrating, exerts a material 
influence in respect to its action upon the hydrated ferric 
oxide, as, when the quantity of fluid becomes smaller, a 
smaller excess of sodium sulphide suffices for blackening 
the hydrated ferric oxide. 

In consideration of this circumstance, the volume of liquid is 
measured, according to Tobler, in the smelting works of the Vieille 
MontagnCy at the termination of the titration, and for each 100 cubic 
centimeters (6.1 cubic inches) of it, the volume of sodium sulpliide 
consumed is decreased 0.7 and 0.5 cubic centimeter (0.042 and 0.03 
cubic inch), its standard being 0.008 to 0.009 gramme (0.12 to O.U 
grain) of zinc to 1 cubic centimeter (0.061 cubic inch). According 
to Thumj this correction can be avoided, bj always bringing all the 
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liquids before titration to an equal volume, and by using so much zinc 
for standardizing as corresponds to the average percentage, and the 
quantity of zinc ore used. This zinc is dissolved and the solution 
diluted to a volume equal to that of the solution of the ore, and the 
titer of this is taken. Under these conditions there can be no material 
difference in the quantities of sodium sulphide consumed in fixing the 
standard of the solution and of those consumed in the analyses, and 
therefore the quantities of liquid must be nearly equal after the titra- 
tion, and in consequence of this no errors can occcur on account of 
differences of volumes. 

d. It does not make any difference, as far as the 
accuracy of the assay is concerned, whether the hydrated 
ferric oxide is introduced at the commencement, or to- 
wards the end of the titration, if the same order is always 
observed. The heating of the liquid exerts also but little 
influence. 

e. Admixtures having a disturbing effect must be re- 
moved. Copper, silver, cadmium, cobalt, nicJcel, chro- 
mium, manganese, arsenic, and antimony are soluble in 
ammonia, and also lead in small quantities, which last, 
after the precipitation with ammonia, may be present 
either as carbonate, sulphate, and basic chloride, or as 
oxy-salt. Of these, the last two are the more soluble in 
ammonia. Copper, lead, manganese, and iron occur most 
frequently. 

Copper, together with cadmium, silver, arsenic, and antimony, is 
removed by sulphuretted hydrogen. If a small quantity only is present, 
it can be determined by Heine^s colorimetric assay, and titrated with 
Bodium sulphide, notwithstanding the blue coloring of the ammoniacal 
zinc solution, and the total consumption of sodium sulphide, reduced 
by the volume corresponding to the percentage of copper found. Man- 
gane^e is the least injurious of all, and can be easily removed as above 
described, p. 208. It becomes sulphurized later than the hydrated 
ferric oxide, and the percentage of zinc can be accurately determined 
bj taking the commencement of the blackening of the hydrated ferric 
oxide as indicator of the final reaction, and not continuing until it has 
turned entirely black. But it is best to first remove the manganese 
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by precipitation in case a considerable percentage of it is present. 
This fact may be recognized by a concentrated acid solution, notably 
losing its originally dark color, upon dilution. Lead is removed by 
sulphuretted hydrogen with the copper, or by evaporating the sub- 
stance to dryness with sulphuric acid, after the preliminary treatment 
with acids, then taking up with diluted sulphuric acid, and removing 
the lead sulphate by filtration, etc. When more than 5 per cent, of 
iron i^ present, the ammoniacal precipitate must always be redissolved 
at least once. Organic substances, which are sometimes found in for- 
eign zinc ores, are destroyed by heating to redness with free access of 
air, as otherwise they might easily reduce the ferric oxide to ferrous 
oxide, which is soluble to some extent in ammonia, and decomposes 
sodium sulphide. 

/. The zinc used for fixing the standard solution must 
be sufficiently pure. 

Good commercial zinc is purified by smelting 50 grammes (771.61 
grains) in a porcelain crucible over a lamp ; keeping it in this state 
for a quarter of an hour, poling it with a wooden stick. The layer of 
oxide is then taken off, and, after the metal has stood for a few minutes, 
one- half of it is poured into another crucible, where the same opera- 
tion is repeated. Half of the metal is again poured off, these manipu- 
lations being repeated several times. The zinc is tlien dropped upon 
a cold zinc plate (the surface of which must be free from oxide) so 
that each drop forms a small thin disk that may be readily broken to 
fragments. It should be kept under a bell-glass with calcium chloride. 
The American Passaic zinc is very pure. 

g. There should be a uniform light in the room during 
the titration, so as to enable the pperator to observe cor- 
rectly the coloring of the iron. This is best arranged by 
covering the windows with tracing linen or tissue paper 
(Altenberg). 

2. Assay with potassium ferrbcyanide} — The zinc is 
precipitated from an acid solution by potassium ferro- 
cyanide, uranic salt being used as an indicator. When 

1 Dingier, cxcv. 260 (Galletti) ; Fresenius' Ztechr. 1875, pp. 189, 848, 
(Lyte and Galletti) ; 1874, 379 (Fablberg) ; Dingier, cxc. 229 (Renard) ; 
czc. 395 (Reindl). 
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all the zinc is precipitated, the uranium salt produces a 
brownish stain, when a test is made by taking a drop 
upon a white plate. 5 grammes (77.16 grains) of ore 
are dissolved in aqua regia, and evaporated. Hydro- 
chloric acid in excess is added to the residue, the copper, 
etc., are precipitated with sulphuretted hydrogen and 
filtered. The filtrate is boiled, the ferrous oxide is oxi- 
dized by potassium chlorate, and ammonia is added. The 
ferric oxide and alumina are then filtered, and again dis- 
solved and precipitated. The filtrate is neutralized with 
hydrochloric acid and an additional 10 to 15 cubic centi- 
meters (0.61 to 0.91 cubic inch) of hydrochloric ' acid of 
1.12 specific gravity are added. The solution is then 
titrated with the solution of potassium ferrocyanide (1 
cubic centimeter (0.061 cubic inch) = 0.01 gramme 
(0.15 grain) of zinc) until the appearance of • the first 
brownish stain by the drop test with solution of uranic 
salt. 

3. Sch6ber*8 volumetHc assay? — The zinc is precipi- 
tated with alkaline sulphide solution. The excess ol 
sulphide used is decomposed with silver solution, and 
finally the quantity of the solution of silver, which has 
been added in excess and remained undecomposed, is de- 
termined by ammonium sulpho-cyanide according to Vol- 
hard's method (p. 156), 

IX. CADffllUffl. 

48. ORES. 

It occurs more seldom as an ore (greenockite^ CdS, with 
77.6 Cd) than as a constituent of calamine and zinc 
blende. 

' Oestr. Ztechr. 1879, 5. 
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49. GALVANIC ASSAY.^ 

Cadmium sulphide is precipitated from an acid solution 
with sulphuretted hydrogen. This (and also cadmium 
oxide) is dissolved in nitric acid, the free acid is neutral- 
ized with caustic potass^, with an addition of potassium 
cyanide solution, until the precipitate is dissolved. It is 
then diluted with a sufficient quantity of water, so that 
about 0.2 gramme (3 grains) of cadmium are contained 
in 75 cubic centimeters (4.57 cubic inches) of the liquid. 
The cadmium is then precipitated upon the platinum 
cone (p. 117) with 3 Bunsen elements, the glass contain- 
ing the liquid being placed in a dish filled with cold 
water. The rate of precipitation should be from 80 to 90 
milligrammes (1.23 to 1.38 grains) of metal per hour. 
The light gray cadmium is rinsed off with water, then 
with alcohol, and dried by placing it in a heated platinum 

dish (p. 118). 

X. TIN. 

50. ORES. 

Tinstone (cassiterite)^ SnOg, with 78.7 per cent. tin. 

51. DETERMINATION OF TINSTONE BY WASHING. 

This method is used for testing borings from mines, in 
order to ascertain whether poor tin ores are worth work- 
ing (Saxony); or in concentrating works, to determine 
the quantity of material worth smelting which may be 
obtained from an ore-heap (Cornwall). The specific 
gravity of tinstone = 6.8 to 7.0. 

1 Beriolite der deatsch. chem. Ges. 1879, No. vii. p. 759. 
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A. Saxon assay of tin. — A sample of dust, taken by 
volume, is washed in the vanning trough (Fig. 4, p. 29). 

B. Determination of tin by tvashing in Cornwall} — 
50 kilogrammes (110 pounds) of samples are taken from 
different parts of the heap. The mass is comminuted 
and thoroughly mixed. From this, another sample is 
taken, sifted, and dried, and 55 to 56 grammes (848.77 
to 864.21 grains) of it are weighed off. This is placed 
upon an iron shovel, and washed, by imparting to it, first 
a rotary motion, and then a decided upward and down- 
ward movement. By these operations, the products free 
from tin will be washed away, while those yielding tin 
will, according to their specific gravity, be collected on 
different parts of the shovel. They are then removed, 
and, if necessary, roasted, and again washed. This mani- 
pulation requires considerable skill. 

52. FIRE ASSAYS. 

The object of these is to reduce the tin oxide (stannic 
acid) and slag off the admixtures of earths by solvent 
fluxes. The accuracy of the result is impaired, or the 
assay is made difficult, on account of the tin oxide being 
easily slagged off by acids and bases ; by the difficulty of 
uniting the reduced particles of tin to a single button ; and 
by the presence of many foreign metallic combinations 
and earths which promote the slagging off or the contami- 
nation of the tin. 

The losses by the German method are less than by the 
English or Cornish method. The assay with potassium 
cyanide gives tHe highest yield- The tin buttons obtained 
by the fire assay must be tested in the wet way for the 

I B. u h. Ztg. 1859, p. 838. Muspratt's Cbemie, vii. 1875. 
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presence of copper, iron, etc., by treating them with nitric 
acid of 1.3 specific gravity, adding water, digesting, filter- 
ing, drying, igniting, and weighing . the tin oxide. 

A. German assay. — 5 grammes (77.16 grains) of clean 
ore are intimately rubbed together with 0.75 to 1 gramme 
(11.57 to 15.43 grains) of powdered charcoal. The mix- 
ture is poured into a suitable r^rucible (Fig. 42, p. 67), 
and covered with 12.5 to 15 grammes (192.90 to 231.48 
grains) of carbonaceous black flux or potash with 50 per 
cent, of flour, 1 to 1.25 grammes (15.43 to 19.29 grains) 
of borax glass, and finally with a cover of common salt 
and a small piece of coal. The charge is exposed for 
three-quarters to one hour to a very strong red heat in the 
reverberatory (p. 59) or muffle furnace (p. 49), or for 
one-half to three-quarters of an hour in the blast furnace 
(p. 60). The crucible is then taken out and allowed to 
become entirely cold, as tin has a low fusing point. It 
is then freed from slag, and the result must be a single, 
ductile button of a tin-white color, which does not follow 
the magnet under water. In case the tin is distributed in 
the slag, this must be washed off and the metal collected. 

Other charges: 25 grammes (385.80 grains) of ore, 
5 grammes (77.16 grains) of argol, 20 grammes (308.64 
grains) of soda, and 3 grammes (46.30 grains) of lime, are 
intimately mixed together, and covered with a layer of 
soda and 10 grammes (154.32 grains) of borax. The 
charge is smelted atf a strong red heat and kept in fusion 
for twenty minutes. Or for siliceous ores : 10 grammes 
(154.32 grains) of ore, and from 10 to 20 grammes (154.32 
to 308.64 grains) of fluor-spar or cryolite are placed in a 
charcoal-lined crucible and covered with charcoal. A lid 
is luted on, and the charge is then very strongly heated 
for one hour. This assay gives a good yield. 

Modifications become necessary — 
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1. When the ore contains many earthy admixtures. 
The ore, hefore it is reduced, must be washed in .a vanning 
trough (Fig. 4, p. 29), in spitz-glasses (Fig. 3, p. 28), 
or in a beaker-glass (as silicic acid especially promotes 
slagging off of tin). This manipulation is effectual on 
account of the high specific gravity of tin, but metallic 
admixtures cannot (or can only partly) be removed by it. 

Specific gravities : tinstone, 6.8 to 7 ; native bismuth, 9.6 to 9.8 ; 
tun^ten, 7.2 to 7.5 ; arsenical pyrites, 6 to 6.4 ; copper glance, 5.5 
to 5.8 ; iron pyrites, 4.9 to 5.1 ; copper pyrites, 4.1 to 4.3 ; molyb- 
denite, 4.5 to 4.6 ; magnetic iron ore, 4.8 to 5.2 ; specular iron ore, 
6 to 6.5 ; red hematite, 4.5 to 4.6 ; zinc blende, 3.9 to 4.2 ; quartz, 
2.65 to 2.80 ; chlorite, 2.65 to 2.85 ; slate, 2.5. 

2. When the ore contains foreign metallic eulphides^ 
arsenides^ and antimonidea. 

a. The unroasted ore is either digested with aqua regia 
for half an hour, and then washed by decantation, the 
tungstic acid, from tungsten ores, if any be present, re- 
mo\'ed by digesting with caustic ammonia for half an 
hour (the flask being frequently shaken), then washed by 
decantation and dried (LevoV)^ and then reduced: 

b. Or, the dead-roasted ore is treated with hydrochlo- 
ric acid as long as the acid, after the ore has been repeat- 
edly decanted and washed, appears yellow, when a fresh 
addition is made at a boiling temperature ; the ore is 
then washed by decantation, dried, and subjected to re- 
ducing and solvent fusion as above described (p. 215). 

3. On account of ths ease tcith which tin oxide is slagged 
off, — For this reason—^ 

a. The ore is intimately rubbed together with pow- 
dered charcoal (p. 216), or carbonaceous black-flux, but 
too large a percentage of carbon will render the charge 
more refractory. 

« Polyt, Ctrbl. 1857, p. 406. 
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h. The tin oxide is reduced, before the reducing and 
solvent fusion, by mixing the ore with ^ part of powdered 
wood charcoal and igniting it in the crucible. It is then 
charged as above. 

4. When separate grains of tin are found. — ^These 
must be collected with copper (bronze being formed), by 
mixing 5 grammes (77.16 grains) of ore with 5 grammes 
(77.16 grains) of pure copper oxide (with 79.14 Cu). 
The mixture is placed in a suitable crucible (Fig. 42, p. 
67) and 15 grammes (231.48 grains) of black flux and 
1.25 grammes (19.29 grains) of borax-glass are added, a 
cover of common salt and a fragment of coal. The 
charge is gradually heated to a high temperature, and, 
after the "flaming" has ceased, is exposed for three- 
fourths to one hour to a white heat in the muflie or 
wind furnace, or for one-half to three-fourths of an hour 
in the blast furnace. It is then taken out, and, when 
it has become cold, the brittle bronze button is freed from 
slag and weighed. The weight of the copper contained 
in the copper oxide, which was added, is deducted. If 
the copper oxide is not entirely pure, 5 grammes (77.16 
grains) of it are fused with the same additions as given 
above and the weight of the resulting copper button is 
deducted from that of the bronze butfon. 

5. When tin oxide is combined with silicate (as, for 
instance, in tin-ore slags), 5 to 25 grammes (77.16 to 
385.80 grains) of slag are rubbed as fine as possible, the 
metallic tin is sifted out and the fine substance is gradu- 
ally introduced in 12 to 15 times the quantity of potas- 
sium bisulphate which has been previously fused in an 
iron or porcelain crucible under the muflfle. The mixture 
is then fused until no more gas bubbles are formed. The 
fused mass is then extracted with boiling water, next 
washed with hot water, and the residue reduced as above. 
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Or, 25 grammes (385.80 graias) of dag are mixed with 
10 grammes (154.32 grains) of ferric oxide, 6 grammes 
(92.59 grains) of fluor-spar, and 100 grammes (1543.23 
grains) of charcoal powder. The mixture is placed in a 
covered crucible and gradually heated to a strong red 
heat. This is kept up for half an hour, and finally kept 
at a white heat for half an hour longer. 

J5. Cornish usaay of tin, — 50 to 100 grammes (771.61 
to 1543.23 grains) of rich tinstone are mixed with one- 
fourth the quantity of anthracite and some fluor-spar. A 
large wind furnace, such as is used for assaying iron (for 
instance, 254 millimeters (10 inches) wide, 178 millime- 
ters (7 inches) long, and 380 millimeters (14.93 inches) 
deep), is filled about two-thirds full with coke, and brought 
to a strong red heat. A few pieces of fresh coke are then 
added, and in these a graphite crucible is placed and 
made red hot. It is then taken out, the charge poured 
into it by means of an open mixing scoop, and the cruci- 
ble covered. . The charge is then fused for 20 minutes, 
when the white-hot crucible is taken out, and the 
contents is poured into an iron ingot mould. The 
ingot is freed from slag. The slag is pounded fine and 
sifted through a sieve of tin plate having meshes about 
as large as a pin-head. The tin remaining in the sieve 
is added to the ingot of tin, while the fine stuff that has 
passed through the sieve is washed and floated in a van- 
ning trough (Fig. 4, p. 29). The metallic residue from 
the washing is placed in a dish and dried. The three 
lots of tin are then weighed together. The ingot of tin 
is now. refined by smelting it in an iron spoon. The film 
which is formed during this operation is removed until 
the liquid metal has a bright non-iridescent surface. It 
is then poured into a gutter in a marble plate, and the 
quantity of the tin judged by the surface and ductility of 
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the resulting rod of metal. When lead and copper 
are present, the surface will exhibit a play of colors and 
will be crystalline, especially towards the centre. This 
assay yields about 10 per cent, less than the true per- 
centage. 

The Cornish assay is less accurate than the German, but an expe- 
rienced assayer obtains results which compare well with those ob* 
tained on a large scale, and it allows him to form a judgment of tlie 
quality of tin which an ore may be expected to yield, and to fix the 
price to be paid for it accordingly.^ 

G. LevoVs assay with potassium cyanide.^ — A sufficient 
quantity of powdered potassium cyanide is rammed into 
a capacious porcelain or fire-clay crucible to form a layer 
of from 12 to 15 millimeters (0.47 to 0.59 inch) thick, 
5 grammes (77.16 grains) of the powdered ore, inti- 
mately mixed with 5 times the quantity of potassium 
cyanide, are added to that in the crucible, and the whole 
covered with a thin layei* of the cyanide. The charge is 
then heated in a moderate fire until it fuses, and is kept 
in constant fusion for 10 minutes. The crucible is then 
taken out, and gently tapped to facilitate the formation 
of a single button, and allowed to cool. The button is 
then freed from adhering slag by water. In case copper 
or lead is present, the ore must be freed from them be- 
fore the reduction, by treating it with acid. This is the 
most accurate method of assaying tin (to within one-half 
per cent.), and can be executed in a very short time. In 
case the ore is siliceous, a mixture of 10 grammes (154.32 
grains) of ore, 3 to 8 grammes (46.30 to 123.5 grains) 
of ferric oxide, and 40 grammes (617.53 grains) of potas- 
sium cyanide is placed in a crucible (Fig. 49, p. 117) lined 
with charcoal. The mixture is first covered with potas- 

1 B. u. h. Ztg. 1862, p. 261. 

' Journ. f&r prakt. Cbemie, zcy. 503. 
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sium cyanide and then with powdered charcoal. The 
cover is luted on and the charge heated at a high tempe- 
rature for one-half to one hour. 
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A, Gravimetric assays. 

1. 1 gramme (15.43 grains) of tinstone is digested 
with diluted agtui. regia ; the residue is washed by decan- 
tation and dried. The dry mass is then fused with 3 parts 
sulphur and 3 parts sodium carbonate. The soluble dou- 
ble sulpho-salt of sodium and tin is lixiviated with water, 
and the tin sulphide precipitated with hydrochloric acid. 
Sulphuretted hydrogen is then introduced into the liquid 
the resulting precipitate is filtered, dried, roasted, and 
finally weighed as stannic acid, containing 78 per cent, 
tin. By another method the ore is digested in aqua 
regia for half an hour, then washed by decantation and 
dried. It is then introduced into a silver crucible, 
standing in a clay crucible, with 4 times the quantity of 
caustic potassa (this is dissolved in water, the very finely 
powdered tinstone is stirred into it, and brought to dry- 
ness). It is then fused at a low red heat for half an hour. 
The mass, when cold, is treated with diluted hydrochloric 
acid and 'evaporated to dryness. The dry mass is then 
taken up in some hydrochloric acid, gently heated, fil- 
tered, and precipitated with sulphuretted hydrogen. 
The tin sulphide is washed, dried, and roasted, some am- 
monium carbonate being added towards the end of the 
operation. The tin oxide is then weighed. 

2. The ore is digested with a/iua regia^ the residue 
with some charcoal is placed in a porcelain crucible and 
heated to redness. The reduced tin is dissolved in hydro- 
chloric acid, and precipitated from the solution with zinc, 



222 ASSAYING. 

which, in the form of a flat button fastened on the end of 
a copper wir^ is suspended in the fluid. According to 
the proportion of free acid present, the tin will appear in 
brilliant needles, in scales, mossy or spongy; the latter 
condition indicates the termination of precipitation. The 
zinc button is now taken from the liquor, freed from the 
tin, and this is pressed together in an agate mortar. It 
is then dried and fused to a button with some stearine 
(Moissenet^). Or, the ore is digested with aqua regia, 
decomposed with potassium hydrate, and a solution ol 
stannic chloride in hydrochloric acid is formed as above. 
The tin is precipitated by a rod of zinc. It is then 
washed and dried, treated with strong nitric acid, and 
evaporated to dryness. When cold, it is moistened with 
diluted nitric acid and filtered. The tin oxide is then 
dried, ignited, and weighed. Lead and copper are re- 
moved by the aqua regia at the commencement of the 
operation, or when the precipitated tin is dissolved in 
nitric acid. 

B. Volumetric assays, 

1. Determination of tin hy means of iodine. — A few 
drops of potassium iodide of any desired concentration 
are added to the acid solution of stannous chloride, and 
then a few drops of diluted starch paste. A solution of 
potassium bichromate of 0.02 or 0.01 gramme (0.3 or 
0.15 grain) of the salt in 1 cubic centimeter (0.61 cubic 
inch) is now added drop by drop under constant stirring, 
until the separated iodine does not again disappear, 
and the starch assumes a blue color when all the stan- 
nous chloride has been converted into stannic chloride 
(3SnO + CraOe = SSnOj + Crjd^). The quantity of chro 
mate decomposed by 100 parts of pure tin dissolved in 

« B. u. h. Ztg. 1861, p. 170. 
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hydrochloric acid is empirically determined (100 tin =83. 2 
chromate). 

1 to 2 grammes (15.43 to 30.87 grains) of tinstone are placed with 
four times the quantity of potassium cyanide in a porcelain dish, and 
heated for fifteen to twenty minutes. The mass is then poured upon an 
iron plate and treated with water. The metallic residue (tin and iron) 
is dissolved in hydrochloric acid, the tin precipitated with zinc, again 
dissolved in hydrochloric acid, and titrated with potassium bichromate 
in the presence of potassium iodide and starch. (Hart.y 

m 

According to Lensaen^ more accurate results may be 
obtained by dissolving stannous salts (stannous chlo- 
ride) with an addition of tartaric acid, or potassium- 
sodium tartrate, in sodium bicarbonate. Some statch 
paste is added to the clear solution, and it is then 
titrated with solution of iodine until the blue color appears 
(SnO + 2I + Na20=Sn02+2NaI). The iodine solution 
is standarized by dissolving 12.7 grammes (196 grains) 
of pure iodine, and 20 to 30 grammes (308.64 to 462.97 
grains) of potassium iodide in 1000 cubic centimeters 
(61.02 cubic inches) of distilled water. A quantity of 
pure tin, accurately weighed, is dissolved in hydrochloric 
acid, tartaric acid is added, and the solution supersaturated 
with sodium bicarbonate. Solution of starch is added, 
and the iodine solution is gradually added from the bu- 
rette until the liquid becomes blue. Two atoms of iodine 
(254) correspond to one atom of tin (118). This assay 
may be especially recommended for the detection of small 
quantities of tin. 

2. Determination of tin by means of potassium permau" 
ganate. — 5 to 10 cubic centimeters (0.3 to 0.61 cubic 
inch) of solution of stannous chloride are treated with a 

' Dingier, ccx. 894. 

* Joum. f. prakt. Chem. Ixxviii. 200. Mohr, Titrirmethode, 1874, p. 
3n. 
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boiling solution of ferric chloride containing free hydro- 
chloric acid (SnCla + Fe^Cle = SnQ^ + 2FeCls). The 
ferrous chloride which is formed is titrated, after dilution 
with water, with standard solution of potassium perman- 
ganate, until the liquid becomes reddish (p. 127). The 
value of the standard solution is determined by placing 
0.2 gramme (3.08 grains) of freshly precipitated tin in a 
platinum crucible, and dissolving it in hydrochloric acid, 
in a current of carbonic acid. Ferric chloride • in excess 
is added, and solution of potassium permanganate is then 
added, until the last drop colors the fluid perceptibly. 2 
equivalents of iron = 1 equivalent of tin. A correction 
becomes necessary, as experience has shown that more 
potassium permanganate is consumed in titrating ferrous 
chloride than stannous chloride. 



XL BISMUTH. 

54. ORES. 

Native bismuth^ bismuth glance^ BigS,,, with 81.25 Bi; 
cupriferous bismuth^ CuBiSa, with 62 Bi and 18.9 Cu; 
tetradymite^ Bi2Te3, with 51.94 Bi; bismuth ochre^ Bi^Og, 
with 89.65 Bi, and others. 

55. FIRE ASSAYS. 

These are inaccurate, as bismuth votalizes, and, in case 
the ore is impure, foreign metals collect in the brittle 
button. 

1. Ores and compminds free from sulphur (native bis- 
muth, tetradymite, bismuthic cupel ash, etc.). 5 grammes 
(77.16 grains) of ore with two and a half to three times 
the quantity of black flux, or potash and flour, and 2.5 to 6 
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grammes (38.59 to 77.16 grains) of borax-glass, are placed 
in a suitable crucible (Fig. 42, p. 67) and covered with 
a layer of common salt. It is then placed in the muffle, 
and, after the " flaming" has ceased, fused for twenty-five 
to thirty minutes at not too high a temperature. Or, 10 
to 20 grammes (154.32 to 308.64 grains) of the sub- 
stance are heated with two and a half to three times the 
quantity of borax-glass, an equal weight of soda, and 5 
to 10 grammes (77.16 to 154.32 grains) of potassium 
cyanide, with a covering of common salt. Lead, tin, and 
copper pass partly into the bismuth, and must be removed 
by the wet method. 

2. Sulphurized bismuth ores. — Five grammes (77.16 
grains) of ore are placed in a crucible and covered with 
1.25 to 1.5 grammes (19.29 to 23.15 grains) of thick iron 
mre and 2.5 to 10 grammes (38.58 to 154.32 grains) of 
fine shreds of silver ; upon this is placed two and a half 
to three times the quantity of black flux or potassium 
carbonate, and flour, on this 1| to 2 grammes (23.15 
to 30.86 grains) of borax, and a covering of salt. The 
charge is fused as in the lead assay, ' when the suffi- 
ciently ductile alloy of silver with bismuth can be sepa- 
rated from the iron. The percentage of bismuth is 
found by deducting the added silver. Arsenic must be 
removed by a previous ignition of the ore, with exclusion 
of air ; but antimcmy^ with an admittance of air. Lead 
passes into the bismuth, and copper^ if not too much of it 
is present, is slagged off. 

Joachimsthal : 5 grammes (77.16 grains) of ore are fused with 2 
grammes (30.87 grains) of sodium carbonate and 1.25 grammes 
(19.29 grains) of iron turnings with a covering of common salt. The 
resulting plumbiferous button is dissolved ia nitric acid, the lead is 
separated as lead chloride by Patera's method, which will be given 
later on, or the bismuth separated, as metal, from a weak acid solu^ 
15 
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tion by means of a strip of lead. Tamm*$ procesi: Ore free from 
copper is fused with a flux consisting of 2 parts |H>tiissiuin or sodium 
carbonate and 1 part common salt with an addition of some potassium 
cyanide. Cupriferous ores : 3 parts of ore with 5 parts potassium or 
sodium carbonate, 2 parts common salt, 1 part powdered wood-char- 
coal, and 2 parts flowers of sulphur. The bismuth is separated (with 
about 8 per cent, loss), containing a little copper, most of the latter 
passing into the slag as sulphide. The presence of iron induces more 
copper to unite with bismuth ; antimony and arsenic and lead (partly) 
pass into the slag. Jiose fuses the ore with 5 times the quantity of 
potassium cyanide, in a porcelain crucible, washes the resulting metal 
grains quickly with water, then with dilute alcohol, and weighs. 
In fusing, no black pulverulent residue of bismuth sulphide must 
remain. 

56. WET ASSAYS. 

While the volumetric assays^ which have been recom- 
mended are of no practical importance, the gravimetric 
methods are mostly complicated, the available docimastic 
tests being, as a general rule, limited to the separation of 
bismuth from lead. 

A. Assay of ore. — 2 to 3 grammes (30.87 to 46.30 
grains) of ore are dissolved in nitric acid, and evaporated 
to dryness. Some sulphuric acid is then added, the mass 
stirred, and again evaporated to dryness. The residue is 
now dissolved in water, and filtered. The filtrate is 
precipitated -with ammonium carbonate in excess, filtered 
off, washed, dried, ignited, and then weighed as oxide, 
containing 89.65 per cent, bismuth. 

B. Separation of bismuth from lead. 

1. According to Patera. — The plumbiferous bismuth 
is dissolved in nitric acid. The solution is considerably 



» Fleischer, TItrirmethode, 1876, p. 87. Muir, in Ber. d. dentsch. chcm. 
Gesel. 1877, p. 2051. Buisson, in Freseniua' Ztschr. 1874, p. 61. Pear- 
son, in Mitcheirs Practical Assaying, 1868, p. 643. 
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diluted with water, upon which the liquid must not be- 
come turbid. The bismuth is then precipitated from the 
weak acid solution with a bright strip of lead. The 
pulverulent black bismuth is removed, and washed with 
water and alcohol. It is then dried at a temperature not 
over 120° C. (248° F.), and weighed. Or, hydrochloric 
acid in excess is added to the diluted nitric acid solution 
and then some strong alcohol ; the silver chloride and 
lead chloride are filtered off, and the bismuth is precipi- 
tated from the filtrate with ammonium carbonate. The 
carbonate is washed, dried, and ignited, and the bismuth 
determined as oxide (BigOj with 89.65 Bi). 

Determination of the percentage of lead and silver: The com- 
bined metallic chlorides are weighed upon a weighed filter and then 
cupelled. The silver is calculated to silver chloride, the yield de- 
ducted from the weight of the combined chlorides, and the lead 
calculated from the lead chloride found by difference. Copper is 
determined by evaporating the ammoniacal filtrate to dryness with 
sulphuric acid. The dry mass is taken up in water, and the copper 
precipitated with iron or zinc (p. 111). ' 

2. According to UUgreen. — The solution of bismuth in 
nitric acid is precipitated with ammonium carbonate. 
The lead and bismuth carbonates are dissolved in acetic 
acid, and the bismuth is precipitated in a well-closed ves- 
sel with a bright strip of lead. It is then filtered, washed, 
and dissolved in nitric acid. The mass is then evapo- 
rated to dryness and heated, when bismuth oxide remains 
behind. 

TVn oxide (also antimonious acid) remains behind in nitric acid in 
dissolving the alloy. The residue is then washed with alcohol, dried 
and weighed. Lead and bismuth are precipitated from the filtrate 
with ammonium carbonate (see above), and the copper from the filtrate 
u above. 
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Zn. MERCURY. 

57. ORES. 

Cinnabar^ HgS, with 86.2 Hg; native mercury^ mer- 
curial tetrahedrites^ with 0.5 to 17 per cent. Hg. 

58. FIRE ASSAYS. 

The object of these assays is to separate the sulphur, 
either by union with alkalies, iron, lime, etc., or to oxi- 
dize it by means of lead oxide, by heating the ores in 
retorts, tubes, or crucibles, and condensing the mercurial 
vapors liberated into liquid mercury, which is weighed 
either by itself, or, what is more accurate, in combination 
with gold. In smelting works, where many assays have 
to be made, small distilling furnaces^ are generally on 
hand for this purpose. Notwithstanding the defects of 
the fire assays, it has not been possible to replace them by 
simple wet methods.^ 

A. Assays yielding free mercury, — 140 to 1800 
grammes (2160.53 to 27,778.23 grains), according to 
richness, of cinnabar ore, are heated with one-half or equal 
parts of black flux, or 50 per cent, iron filings, or 30 per 
cent, lime, and 30 per cent, powdered wood charcoal, either 
in clay or iron retorts, in the latter case without iron filings 
(native mercury ore, almagam, etc., it is best to heat in 
glass retorts), at a slowly increasing heat, in a suitable 
furnace (Figs. 34 to 36, pp. 62, 63). The vapors are con- 
densed in the receivers represented by Figs. 34 to 36, or 
in a wet linen bag tied to the end of the stem of the retort, 



1 6. u. h. Ztg. 1854, p. 894 (Idria). 

> Muspratt's Cliem. v. 1296. Mohr, Titrirmetliode, 1874, pp. 236, 318, 
441, 488. 
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the lower part of the stem being at the same time kept 
cool by moist strips of linen or paper tied around it. The 
mercury adhering to the neck is removed by gently tapping 
and wiping out, and that from the receiver is dried with 
absorbent paper and caustic lime, and weighed in a watch- 
glass. 

Idria:^ 140 grammes (2160.52 grains) of ore, with two or three 
spoonfuls of powdered lime, are placed in iron distilling tubes of about 
52 millimeters (2.04 inches) diameter, lying in two rows, one above 
the other, on each side of a furnace. The receivers are luted on, and 
the process is finished when the tub^s show a bright-red heat. The 
loss of mercury is considA^ible.* Hungarian mercurial tetrahedrite ;* 
The ores are heated with the same quantity of iron turnings— roasted 
ore at the same time with an equal quantity of lead oxide^ — in glass 
retorts resting upon clay dishes. The neck of the retorts, when the 
operation is finished, are broken off by a blow, and the mercury is re- 
moved by means of a wiper of rabbit fur. It is then collected into a 
globule and weighed. Rose's metliod : A body of magnesite (or chalk 
with an equal quantity of sodium bicarbonate), 26 to 52 millimeters 
(1.02 to 2.04 inches) long is introduced into a glass tube, closed at. 
one end, and measuring 314 to 470 millimeters (12.36 to 18.5 inches) 
in length, and 9 to 13 millimeters (0.35 to 0.51 inch) in width. 
Upon this is placed an intimate mixture of the ore and quicklime in 
excess, upon this more lime with which the mortar has been cleaned 
off, then more quicklime, and upon all a loose plug of asbestos. The 
open end of the glass tube is drawn out and bent to an obtuse angle, 
and introduced into a narrow-necked flask, so that its end just touches 
the water contained therein. The horizontal part of the tube is 
gradually heated from front to back in a combustion furnace, such 
as is used for organic analyses (Fig. 58, without the cylinder on the 
right). When the operation is finished, the bent end of the tube, in 
which the mercurial vapors have been condensed, is cut off, and the 
mercury, which has been protected from oxidation by the current of 
carbonic acid which is developed, is collected in the matrass. This 

' B. u. h. Ztg. 1854, p. 894. 

* B. u. h. Ztg. 1864, 857. 

' B. u. h. Ztg. 1866, pp. 24, 263. 

• Bergwerksfreund, v. 127 (Berthier). B. u. h. Ztg. 1879, p. 206 (At- 
^ood). 
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is well shaken and allowed to settle. The clear water is then poared 
off, and tlie mercurjr placed in a previously weighed porcelain crucible. 
Tlie water still adhering to it is removed with blotting paper. It is 
then dried under a bell-tilnas over sulphuric acid, or io an air-balh at 
100° C. (212° F.), and weighed. 

Fig. TO. 




B. Assays m which the meraiTij is determined in com- 
hination vnth gotd.- — These are the most accurate assays. 

1. Eschka's process,* — The quantity of ore taken for 
the assay varies according to its richness. If the ore car- 
ries as much as I per cent. 10 grammes (154.32 grains), 
1 to 10 per cent. 5 grammes (77.16 grains), and over 10 
per cent. 2 grammes (30.87 grains) are used. The sample 
is placed in a porcelain crucible, the edge of which 
has been ground smooth, and mixed with half its quantity 
of iron filings free from grease, covered with a layer of 
iron filings 5 to 10 millimeters (0.19 to 0.39 inch) thick. 
A wcU-fitting concave cover, made of fine gold, and 
previously accurately weighed, and the concavity of which 
is filled with distilled water, is now placed on the crucible. 

I Oestr. ZtBchr. f. Berg. ti. HUllenwes. 1873, No. ». B. u, li. Ztg. 1873, 

p. 178. 
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The lower part of the crucible is heated by a flame for 
about 10 minutes, during which time the mercury is vola- 
tilized, and deposits itself on the gold. The gold cover 
is now removed, the water in its concavity poured off, 
and the mirror of mercurv washed with alcohol. The 
cover is then dried for about two or three minutes in the 
water-bath, placed upon a tared porcelain crucible and 
allowed to cool in the desiccator, and then both the 
mercury and crucible are weighed together. The most 
accurate results are obtained in the case of poor ores 
carrying up to 10 per cent. Hg. 

2. KuateVs assay} — This is executed in a manner similar 
to the above, before the blowpipe, with the difference that 
the heating is done in a tube, the front end of which is 
provided with a gold spiral. 

(7. Assay of cinnabar. — 10 grammes (154.32 grains) 
of cinnabar ore are introduced into a glass retort (Fig. 35, 
p. 63), and heated. The sublimate of mercury sulphide 
which deposits itself in the neck of the retort is collected 
and weighed. Some metallic mercury freed by organic 
substances, which may have been present, may be mixed 
with the sublimate. This is removed from the sublimate 
by nitric acid, and the quantity of mercury dissolved 
ascertained by the difference in weight. 86 parts of mer- 
c^ury correspond to 100 parts of cinnabar. 

59. WET ASSAYS. 

These may be — 

A. Oravimetric assay. — 1 gramme (15.43 grains) of 
cinnabar is heated with aqua regia^ and repeatedly evapo- 
rated with hydrochloric acid, in order to expel the nitric 

» B. u. h. Ztg. 1874, p. 70. 
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acid. The solution of chloride is boiled with stannous 
chloride in excess, the clear fluid is poured off^, and the 
beads of metal are collected into a coherent globule, by 
heating it again with some stannous chloride and a few 
drops of hydrochloric acid. The mercury is then washed 
by decantation, first with water containing' hydrochloric 
acid, and then with pure water. It is now introduced 
into a small porcelain crucible, previously weighed, and 
the greatest part of the adhering water removed by means 
of filtering paper. The mercury is then dried in a desic- 
cator (Fig. 17a, p. 43), with concentrated sulphuric acid, 
and weighed. 

B. Volumetric assays} — These are mostly complicated, 
and possess no advantage over the ordinary analytical 
determination by weight, or, are not generally available, 
as they require the absence of certain metals. 

Zm. ANTDKONT. 

60. ORES. 

Stihnite {antimony su1pJiidt\ SbgSg, with 71.77 Sb; t?rt- 
lentinite {antimony oxide\ Sb20j„ with 83.56 Sb ; pyro- 
stilhite {antimony oxy sulphide)^ Sb.^03.Sb2S3, with 77.21 Sb. 

61. FIRE ASSAYS. 

The assays of antimony sulphide, which is the princi- 
pal ore, are inaccurate on account of the volatilization of 
antimony, incomplete decomposition by alkaline carbon- 
ates and even by potassium cyanide (4 parts), as well as 
on account of iron, which always passes partly into the 

I Mohr, Titrinnetliode, 1874, pp. 286, 818, 486, 488, 441. Freseoius' 
Ztschr. ii. 881. 
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antimony. There are likewise no simple docimastic tests 
by the wet method? Sometimes the yield of antimony 
sulphide {antimonium crudum) contained in the ore is 
ascertained by the liquation process, by an assay on a 
small scale. 

A. Liquation process for determining antimonium cru- 
dum. — 1 to 1| kilogrammes (2.2 to 3.3 lbs.) of ore commi- 
nuted to fragments the size of a hazel-nut or walnut are 
introduced into a covered crucible having a perforated 
bottom and fitting air-tight in another crucible in such a 
manner that sufficient space is left between the two to 
allow the fused antimony sulphide to collect in the lower 
crucible. The lid and the joint between the two cruci- 
bles should be luted with fire-clay and sand. The lower 
crucible is surrounded with some poor conductor of heat 
(ashes), and the upper ore with live coals, kept in a glow 
with a bellows, and heated to a moderate red heat. The 
antimony sulphide will melt and collect in the lower cru- 
cible. 

B. Determination of antimony in antimony sulphide. 
1. Assay by precipitation. — 5 grammes (77.16 grains) 

of ore are fused in a crucible with the same or double the 
quantity of black flux, or potassium carbonate and flour, 
about 2 grammes (30.87 grains) of iron filings, 0.75 to 
1.25 grammes (11.57 to 19.29 grains) of borax-glass, and 
a cover of common salt. The fusion is continued for 
three-quarters of an hour. When the operation is fin- 
ished, the brittle regulus is freed from slag, and the ad- 
hering particles of slag are removed by washing. The 
yield by this assay is about 68 per cent., and if more 

' Fresenins* Ztschr. xvii. 185 (Becker^s gewichtsanalytische Probe) ; 
Mohr, Titrirmethode, 1874, p. 267, 309 ; Muspratt's Cheiuie, i. 820 ; Fleischer, 
Titrinnethode, 1876, p. 299. 
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iron is added, it will appear to be larger on account of 
the contamination of the antimony by iron. 

5 grammes (77.16 grains) of antimony ore are mixed in a crncible 
(Fig. 39, p. 66) with 10 grammes (154.32 grains) of anhydrous 
potassium ferrocyanide. The mixture is covered with 2.5 grammes 
j(38.59 grains) of potassium cyanide and heated to a cherry-red heat. 
The yield is 72 per cent.* — Or : 10 grammes (154.32 grains) of ore, 
and 40 to 50 grammes (617.29 to 771.62 grains) of potassium cyanide, 
with a covering of common salt, are fused at a high temperature. — Or: 
100 parts of antimony sulphide, 42 parts of iron filings, 10 parts of 
sodium sulphate, and 2 parts of powdered wood charcoal are fused. 
Yield 62 per cent, antimony. — Or: 100 parts of antimony sulphide, 
80 parts of iron slag, 50 parts of sodium carbonate, and 10 parts wood 
charcoal. Yield 60 per cent. Impure buttons are comminuted and 
treated with concentrated nitric acid, filtered, the precipitate of anti- 
monic acid washed, dried, and ignited in a porcelain crucible. It is 
then weighed, and the weight found multiplied by 0.7922 gives the 
metallic antimony. 

2. Roasting and redvcing assay. — The ore, which is 
very fusible, is carefully roasted at a very gradually rising 
temperature until a yellowish-white powder has beeu 
formed. This is fused for about three-quarters of an 
hour with the same or double the quantity of black flux, 
or potassium carbonate and flour, with a cover of common 
salt. If necessarv some borax is added. The vield will 
be at the utmost from 64 to 65 per cent. Sb. Oxidized 
ores do not require roasting, and are fused with 3 parts of 
black flux (with 1 part of argol), 1 part of sodium carbon- 
ate, and 15 per cent, of powdered wood charcoal, at not 
too high a temperature: or, 10 grammes (154.32 grains) 
of ore with 25 grammes (385.80 grains) of black flux 
and 1 part of argol with a cover of salt. 

> B. u. h. Ztg. 1856, p. 319. , 
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62. WET ASSAYS. 



Namely : — 

1. Gravimetric assay, — 0.5 gramme (7.71 grains) of 
antimony sulphide is dissolved in aqiui regia^ some tar- 
taric acid is added, and the solution is filtered. The fil- 
trate is saturated with ammonia and an excess of yellow 
ammonium sulphide, and digested for some time on the 
water-bath. It is then filtered, but without bringing the 
precipitate upon the filter. This is again digested with 
ammonium sulphide and then filtered. The antimony 
sulphide is thrown down out of the filtrate by the addition 
of diluted hydrochloric acid. The sulphuretted hydrogen 
is driven off" on the water-bath, and the liquid then filtered 
upon a filter, previously dried at 100° C. (212° F.), and 
weighed, washed with sulphuretted hydrogen water, the 
precipitate dried at 100° C. (212° F.) until the weight re- 
mains constant. A part of the contents of the filter is then 
weighed off in a small porcelain boat, placed in a glass 
tube, and heated in a current of carbonic acid gas (Fig. 
o8, p. 230), in order to remove the sulphur in excess, 
until no more of the latter escapes. The SbgSg, contain- 
ing 71.8 per cent. Sb, is weighed, and from this the anti- 
mony contained in the entire mass in the filter is calcu- 
lated. 

2. Volumetric method. — The antimony sulphide is dis- 
solved in hydrochloric acid, and heated until the odor of 
sulphuretted hydrogen can no longer be detected. Tar- 
taric acid, or potassium-sodium tartrate, is added, and the 
solution supersaturated with a cold, saturated solution of 
sodium bicarbonate in the proportion of about 20 cubic 
centimeters (1.22 cubic inches) to 0.1 gramme (1.54 
grains) of Sb203. The result will be a solution, which, on 
the addition of iodine, will be converted into antimonic acid 
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and hydriodic acid, SbH02+2I+H20=SbH03+2HL 
Starch solution is now added, and a sufficient quantity of 
titrated solution of iodine to color the fluid blue is allowed 
to drop into the solution from a burette. A decinormal 
sblution of iodine is prepared by dissolving 12.7 grammes 
(196 grains) of iodine in potassium iodide, and diluting 
this to the bulk of 1 liter (1.76 pint). 2 atoms of con- 
sumed iodine correspond to 1 molecule of antimony 
oxide, or 1 cubic centimeter (0.061 cubic inch) of sohition 
of iodine to 0.0061 gramme (0.09 grain) of antimony. 
The standard of the solution of iodine is determined by 
titration with tartar emetic, observing the same conditions 
regarding the concentration and quantity of the reagents 
(tartaric acid, sodium hydrocarbonate, etc.) in the subse- 
quent titration. 

See ** XVIII., Sulphur," concerning the indirect determination of 
antimony in Sb,Sg by the quantity of sulphuretted hydrogen evolved 
thereform. 

ZI7. ARSENIC. 

63. ORES. 

Native arsenic^ mispicJcel^ FeAsS, with 46 As; Zewoo 
pyrite^ FegAss, with 66.8 As ; nickel and cobalt ores, etc. 

64. FIRE ASSAYS. 

The object of these is to determine the quantity of 
arsenic, or of its compounds, which may be obtained from 
the ores. 

A. Native arsenic. — 300 to 500 grammes (4629.70 to 
7716.17 grains) of mispickel or leucopyrite (when arse- 
nious acid is present the ores are mixed with 16 to 20 per 
cent powdered charcoal, and with potassium carbonate 
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in case metallic sulphides should be contained in the 
ore) are introduced into a clay tube, one end of which is 
closed. A spiral of sheet iron is placed in the open end, 
and the tube is closed by a sheet-metal cap, which is 
loosely luted on. The tube is then brought into the fur- 
nace, and the charge is gradually heated for one to one 
and a half hours to a red heat, the end with the spiral 
projecting from the furnace. When the operation is fin- 
ished, the tube is allowed to cool, and taken out. The 
sheet^iron spiral is then taken out and unrolled, and, if 
the operation has been conducted at the proper tempera- 
tures, scales of white, flaky arsenic and some gray pow- 
der, both allotropic modifications of arsenic, will fall off. 
The product is then weighed (FeAsS = FeS+As and 
FejAs3=2FeAs+As). 

White metallic scales will be the result, when the receiver is small 
and has nearly the same temperature as that of the arsenical vapors; 
and gray powder, when the receiver is large or has a decidedly lower 
temperature than that of the arsenical vapor, and when it is evolved 
along with other heated gases (as in the reduction of arsenious acid 
by charcoal). 

B, Arsenious acid. — 2 to 5 grammes (30.87 to 77.16 
grains) of ore are placed in the open end of a refractory 
glass tube, the other end of which, somewhat drawn out 
and bent in a right angle, projects into a large Woiilff 
bottle. The end of the tube containing the ore is laid 
so as to incline somewhat upwards, in a combustion fur- 
nace (Fig. 58, p. 230), and heated. The Woulff bottle 
Ls connected with an aspirator, when the arsenious acid 
will deposit itself in the straight and curved part of the 
tube, and in the Woulff bottle. It is driven by heating, 
from the horizontal to the bent part of the tube ; this is 
cut off, the arsenious acid is wiped out with a feather, and 
then weighed together with that contained in the bottle. 
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C. Realgar (red orpiment)^ with 70.03 As, and yeUotv 
OTrpiment^ AsgSs, with 60.9 As. — The object of the doci- 
mastic tests is to determine the quantity of orpiments 
which can be prepared from the raw materials in ques- 
tion, or to ascertain the proportions of these to be added 
in certain technical processes. 

1. Assays for the determination of realgar. — Iron 
pyrites (7FeS2=FeSa-f 6FeS+6S=23 per cent. S) and 
arsenical pyrites (FeAsS=FeS-f As=46 per cent. As) 
in different proportions (20 to 30 grammes= 308.64 to 
462.97 grains, or more) are heated in a glass tube closed 
at one end, or in a glass retort, whereby realgar is sub- 
limed. This is fused in a porcelain crucible, and its color 
examined. Lighter or darker shades can be given to the 

^color by adding, respectively, sulphur or arsenic, 

2. Assays for the determination of yellow orpiment. — 
A mixture of arsenious acid with sulphur (together 10 to 
20 grammes, 154.32 to 308.64 grains) in different pro- 
portions is heated (generally with 6 to 1 2 per . cent, ol 
sulphur, or less) in a glass retort at a gradually rising 
temperature, until the subUmation of the yellow product 
is complete. 

While the native yellow orpiment is a eorobination of A.s,8,, diffi- 
cult to dissolve in acids, the artificial product consists princi^uilly of 
arsenious acid colored by a few per cent, of arsenic sulphide, and is con- 
sequently very poisonous. 

65. WET ASSAYS. 

These may be — 

A. Gravimetric assays. 

1. Wet assay. — | to 1 gramme (7.71 to 15.43 grains) 
of ore is ignited in a porcelain crucible at a strong red 
heat, with 4 to 5 times the quantity of saltpetre, and 1| 
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times the quantity of calcined sodium carbonate, with a 
thick covering of these fluxes. When the crucible is 
cold, the potassium arseniate is extracted by lixiviation 
with hot water, and evaporated to dryness with nitric 
acid. The dry mass is treated with water, the silicic acid 
filtered off ; the filtrate is treated with ammonia in excess, 
then with a solution of magnesium sulphate (or at once 
with magnesia mixture prepared from 110 parts of crys- 
tallized magnesium chloride, 700 parts concentrated 
ammonia, 140 parts ammonium chloride, and 1300 parts 
water). The liquid is allowed to stand for 12 hours, the 
ammonium-magnesium arseniate, 2(MgN H4. ASO4) + H2O, 
is filtered off upon a filter previously dried at 100° C. 
(212° F;), and weighed ; 100 parts of salt dried at 100° G. 
(212° F.) and weighed, will contain 60.51 parts of arsenic 
acid, corresponding to 65.21 percent, of arsenic and 86.08 
per cent, of arsenious acid. By igniting very carefully and 
not too quickly, the magnesium salt passes into Mg^ AsjOy. 
Or the sample is digested in strong nitric acid with the ad- 
dition of a few crystals of potassium chlorate. The solution 
is diluted with water and filtered. Some lead nitrate in 
solution is added to the acid liquid, when lead sulphate 
will be separated, lead arseniate remaining in solution. 
The precipitate of lead sulphate is filtered off, the filtrate 
saturated with soda, when the lead arseniate will be sepa- 
rated. This is filtered off, washed, dried, and weighed. 
100 parts arseniate = 22.2 parts of metallic arsenic, or 29 
parts of arsenious acid. 

2. Wet method combined vnth the dry} — 1 to 1| 
grammes (15.43 to 23 51 grains) of the substance is fused 
in the manner indicated under 1, with saltpetre and 
sodium carbonate, in order to obtain a solution of alkaline 

> PUttner-Riditer's Lothrohrprobirkunst, 1878, p. 651. 
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• 

arseniate. The filtrate is saturated with nitric acid, and 
strongly diluted in case sulphuric acid is present. Silver 
nitrate in excess is then added, and sufficient ammonia to 
cause the precipitate to disappear. The excess of ammonia 
is evaporated without boiling until its odor has disap- 
peared. The silver arseniate is then filtered off, dried, 
and smelted with lead, and the arsenic calculated from 
the quantity of silver found, 1 atom of arsenic being pre- 
cipitated to 3 atoms of silver, or 100 silver corresponds to 
23.15 arsenic = 35.5 arsenic acid. 

B. Volumetric assays. — The method most used is 71 
Mdhr*^ esiimaiioji of arseniotis acid ; according to which 
arsenious acid combined with soda is completely con- 
verted into arsenic acid by iodine (As2O3+2l2+2Na20 = 

4NaI+AsA). 

A solution containing in 500 cubic centimeters (30.5 

cubic inches) 2.5 grammes (38.58 grains) of iodine and 

4 grammes (61.73 grains) potassium iodide, or in 1 com. 

0.005 gramme (0.077 ^rain) of iodine, is added to a 

solution containing sodium arsenite, sodium bicarbonate, 

and some starch paste. Fixing of the standard: 4.95 

grammes (75.38 grains) of arsenious acid are placed in a 

flasl^ and dissolved in sodium bicarbonate, in about 200 

cubic centimeters (12.2 cubic inches) of water. The 

clear solution is poured off", and sodium salt and water 

are added in small portions until solution is complete. 

It is then transferred to a liter 'flask, 20 to 25 grammes 

(308.64 to 385.80 grains) more of sodium bicarbonate 

are then added, and the flask is filled up to the mark. 

10 c. cm. of this solution are taken, some fresh starch 

solution and sodium bicarbonate added, the liquid diluted 

to about 150 c. cm., and then titrated with the solution 

1 Mohr, Titrirmethode, 1874. 
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of iodine until the blue color appears, which must not 
disappear even when sodium bicarbonate is added. 
ArBenic acid must be reduced to arsenious acid by intro- 
ducing sulphurous acid gas into the hot acid solution, or 
by the addition of sulphites. 



XV. URANIUM. 

66. ORES. 

Pitdi blende, Ur.Os, with 84.9 Ur. 

67. WET ASSAYS. 

Namely : — 

A. Gravimetric assays. 

1. More accurate analytical process, — 1 to 2 grammes 
(15.43 to 30.87 grains) of ore, etc., are decomposed with 
concentrated nitric acid. The solution is diluted and 
the residue and precipitate (silicic acid, lead sulphate, 
basic antimony and bismuth salts) are filtered off. The 
arsenic acid in the filtrate is reduced by means of sulphur- 
ous acid to arsenious acid, and the sulphurous acid removed 
by boiling. It is then precipitated with sulphuretted 
hydrogen (As, Sb, Pb, Bi, Cu), filtered, and the sulphur- 
etted hydrogen removed by boiling. The iron is then 
oxidized by potassium chlorate, ammonium carbonate in 
excess added, and the liquid filtered. Ammonium sul- 
phide is now cautiously added in the cold in order to pre- 
cipitate Mn, Zn, Ni, Co, leaving the uranium in solution. 
The liquid is then filtered, and the filtrate heated with 
nitric acid to separate sulphur. It is now again filterefl, 
and when the solution has . become cold, the uranium is 
precipitated, as brownish-yellow ammonio-uranic oxide, 

16 
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by ammonia. This is filtered off, washed, dried, and 
ignited to green uranoso-uranic oxide (UrO2.2Ur03 = 
UrgOg), with 84.8 uranium, corresponding to 96.22 uran- 
ous oxide (UrOa) and 101.9 uranic oxide (UrOa). 

2. Patera^s technical test} — 5 grammes (77.16 grains) 
of ore are dissolved in nitric acid, not in excess. The 
unfiltered solution, which has been freed from the excess 
of nitric acid by boiling, is super-saturated with sodium 
carbonate, boiled for a short time, and the solution con- 
taining the sodic-uranic carbonate is filtered into a golden 
dish. The solution is evaporated to dryness, the residue 
ignited and extracted with hot water, and the insoluble 
acid sodium uranate (Ur^NajjOy) is filtered ofl^, ignited, 
and weighed. 100 parts of the weight obtained equals 
88.3 piarts of uranoso-uranic oxide. 

In case a golden capsule should not be at hand, the solution of the 
uranic oxide in soda is treated with sodium hydrate in order to pre- 
cipitate hydrated acid sodium uranate. It is then filtered, washed, 
and dried, and the precipitate is removed as much as possible from 
the filter and ignited together with the ash of the filter. It is then 
again washed upon the filter and dried and ignited. In case a con- 
siderable quantity of copper is present, a small quantity of it passes 
into the alkaline solution. 

B. Volumetric assay} — 1 to 2 grammes (15.43 to 
30.87 grains) of ore is dissolved in concentrated sulphuric 
acid. The sulphuric acid (not hydrochloric acid) solu- 
tion is diluted according to the richness of the ore, to \ 
or \ liter (0.88 to 0.44 pint). 50 cubic centimeters 
(3.05 cubic inches) of this are taken, placed in a suitable 
flask, and diluted with 100 cubic centimeters (6.1 cubic 

» Dingier, clxxx. 243 (Patera). Fresenius' Ztschr. v. 229 (Frescnias) ; 
viii. 887 (Winkler). 

« Journ. f. prakt. Chem. xcix. 231 (Belohonbeck). Fresenius' Ztsclir. 
xi. 179 ; xvi. 104.— Gonyard^s Probe in Cliera. Cenlr. 1864, p. 339.^An«- 
lyse der Uranoxydalkalien in Fresenius^ Ztschr. iii. 71 (Stolba). 
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inches) of water. The liquid is boiled for half an hour 
with zinc until the yellow solution of uranic oxide has 
assumed the sea-green color of uranous oxide. All 
the zinc is dissolved, and the uranous oxide is titrated 
with potassium permanganate (p. 127). Uranous oxide 
requires the same quantity of potassium permanganate to 
become oxidized, as ferrous oxide. 

X7I. CHROMinn. 

68. ORES. 

Chrome iron ore^ Cr2Fe04, with 30 to 65 CraOg ; cro-^ 
coisite {red lead ore)^ Pb.Cr04, with 30.96 CrOs. 

69. WET ASSAYS. 

Volumetric assays are less frequently made use of than 
gravimetric assays, and the latter vary, especially in the 
manner in which the very difficultly decomposable chrome 
iron-ore is decomposed. 

A. Gravimetric assays} 

1. Direct assay. — According to PourceVs method: 2 
grammes (30.87 grains) of the ore in coarse powder are 
highly heated in order to facilitate its comminution. It 
is then ground in an agate mortar, or on a porphyry plate, 
to an impalpable powder, which should show no glisten- 
ing particles. This powder is heated to 120° C. (248° 
F.) until it loses no more in weight, and then a sample 

* Joiirn. f. prakt. Cbem. Ivii. 256 (Calvert). Freseniiw' Zlscbr. i. 497 
(O'Neill, Oadesluys, Geiith) ; iv. 63 (Souchay) ; 1861, p. 34 (Mitscherlich); 
1870, p. 71 (Storer). Polyt. Centr. 1856, p. 701 (Hart). Dingier, cxciii. 
33 (Clouet); cxcvii. 503 ( Brit ton ) ; ccxxi. 450 (Dlttmar) ; ccxxiv. 86 
(Pels). Bullet, de la soc. de Tindustr. min6r , St Etienne, 1878, livr. iv. 
p. 867. (Pourcel). 
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of 0.5 gramme (7.71 grains) is quickly weighed off. 5 
grammes (77.16 grains) of sodium carbonate are intro- 
duced into a platinum crucible and heated in the mouth 
of the muffle in order to dry it, but not sufficiently to fuse 
it. The ore is then intimately mixed in an agate mortar, 
with 0.5 gramme (7.71 grains) of saltpetre and the warm 
sodium carbonate until the mixture assumes a uniform 
color. It is then placed in a platinum crucible and 
strongly heated, first at the front of the muffle, and then 
at the back, at a white heat for three hours. The cruci- 
ble is then taken out, wiped off after it has become cold, 
and placed in a porcelain dish containing 0^ liter (0.88 
pint) of distilled water which completely impregnates 
the contents of the crucible. This is allowed to stand 
for about twelve hours on a sand-bath, at a temperature 
somewhat less than 100° C. (212° F.). It is then filtered 
on a very small filter, and the crucible and dish are washed 
out with hot distilled water. The filtrate containing the 
potassium chroraate and sodium-potassium aluminate is 
weakly acidulated with sulphuric acid, ammonia in excess 
is added, and it is then heated to nearly 100° C. (212° 
F.) for at least three hours. The alumina is then filtered 
off, the filtrate is introduced into a capacious flask, hydro- 
chloric acid strongly in excess and 100 cubic centimeters 
(6.1 cubic inches) of pure alcohol of 40° are added, the 
contents of the flask then agitated and its neck closed by 
inserting the neck of a smaller flask into it. The liquid 
is now heated to nearly 100° C. (212° F.) for about forty- 
eight hours, until the reduction of chromic acid to chro- 
mic oxide is complete (whereby the liquid assumes an 
emerald-green color), and the odor of alcohol has disap- 
peared. Ammonia in excess is then added, the liquid is 
allowed to stand for about twelve hours at a temperature 
of nearly 100° C. (212° F.), so that bubbles are formed 
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on the sides of the flask. The precipitate of hydrated 
chromic oxide is filtered on a small filter, washed with 
boiling, slightly ammoniacal water, and dried. The 
chromic oxide is then ignited and weighed. 

According to I^els^ Calvert's, Britton's, and Dittmar's are the best 
methods for decomposing chrome iron ores. 

2. Indirect assay} — The ore is fused with potassium 
nitrate and sodium carbonate (in the same manner as 
arsenic, p. 238), and the alkaline chromates are lixiviated. 
The solution is saturated with acetic acid, and boiled, in 
order to remove the carbonic acid. It is then diluted 
with water (to prevent a separation of silver acetate), and 
a sufficient quantity of silver nitrate is added. The preci- 
pitate of silver chromate will then contain to one atom of 
chromium one-half atom of silver (100 Ag= 48.69 Cr = 
70.92 Cr203= 93. 1 5 CrOa). The precipitate, together with 
the filter, is boiled in strongly diluted hydrochloric acid, 
the silver chloride formed is filtered off, smelted with lead, 
and cupelled, and the chromium calculated from the result- 
ing quantity of silver. 

B. Volumetinc assay. — 1 gramme (15.43 grains) of the 
ore is powdered and ground as fine as possible. It is then 
fused with soda and saltpetre and converted into alkaline 
chromate (p. 244). It is then supersaturated with sul- 
phuric acid and a weighed quantity of pure ferrous sul- 
phate or ammonio-ferrous sulphate, when, the ferrous oxide 
becoming oxidized at the cost of the chromic acid, the 
latter is transformed into chromic oxide, and the color 
of the reddish-yellow solution becomes distinctly green 
(2Cr03 + 6FeS04 + 6SO3 = CraSaOia + SFcAO^j) ; there- 
fore, 6 equivalents of FeO correspond to 2 equivalents 
Cr03 = 3:1. The residue of ferrous oxide which has not 

> Plattner.Richter's Ldthrohrprobirkunst, 1878, p. 651. 
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been decomposed is titrated with solution of potassium 
permanganate, when the final reaction will be the more 
distinct the stronger the liquid has been acidulated with 
sulphuric acid, which causes the green color of the 
chromic oxide to become pale. 

zvn. hulnoanese. 

70. ORES. 

Pf/rolimte. MnOg, with 62.8 Mn and 37.2 O; hrannite^ 
MngOg, with 69.23 Mn and 30.77 O ; hatjsmannite^ MuO. 
Mn203,with 71.7Mn and 2S.^0\manganite^M.Tif)<^-\- HgO, 
with 89.9 MugOa and 10.1 HjO; varvlcite^ (Mn20a+ 
H20) + 2Mn02, with 14.23 MnO, 80.79 O, and 4.98 H2O ; 
psilomelane^ (Mn.Ba.K2.Li2)0 + 4Mn02, with 20 to 60 
MnOa ; wad, Mn0.2Mn203+ SHgO. 

71. ASSAYS OF PYROLUSITE.' 

The percentage of manganese in an ore, which is of 
interest to the iron manufacturer, is generally determined 
by chemical analysis ( Tamw? has given a process of pre- 
paring manganese carbide, from pyrolusite), while tlie 
value of an ore for other technical purposes (manufacture 
of chlorine and of chloride of lime, the preparation of 
oxygen) is judged — 

1. By the quantity of chlorine which the ore yields on 
treatment with hydrochloric acid (Mn02+4ClH=MnClj 
4-2H20 + Cl2 = 81.2 per cent. CI), or, with common salt 
and sulphuric acid (MnOg + 2NaCl + 2HaS04 = MnS04 
+ Na^S04+2H20 + 2Cl=81.2 per cent.). 

■ Mu8pratt*s Chemic, iv. 1111. 

s Dingier, ccvi. 136. B. u. h. Ztg. 1873, p. 55. 
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If an ore contains ferrous oxide, for instance in the form of spathic 
or magnetic iron, a part of the chlorine evolved from the iiydrochloric 
acid is consumed in the higher oxidation of the ferrous oxide, and is 
therefore lost for technical use. Only so ipuch of the chlorine as is 
actually obtained from pyrolusite, is of value to the buyer, and the 
assays which give this (for instance, Bunsen's and Gay-Lussac'g) 
are to be preferred to those which give the total amount of chlorine 
without faking into consideration that; when ferrous oxide is present, 
the chlorine is not all available for practical purposes. 

2. By the qtianiity of oxygen the pyrolusite yields when 
ignited or treated with sulphuric acid (Mn02+S03= 
MnS04+0 = 18.3 per cent.). 

3. By the foreign admixtures according to their quality 
and quantity. Svhstmices soluble in acids (for instance, 
calcium and iron carbonates) are especially injurious. 
They increase unnecessarily the cost of manufacturing 
chlorine, and, by evolving considerable quantities of car- 
bonic acid, exert a disturbing influence on the prepara- 
tion of chloride of lime. For this reason, the quantity 
allowed is sometimes limited by contract to one per cent. 

The quantity of acid required for the decomposition is determined 
by finding the quantity of pure marble dissolved by a given quantity 
of hydrochloric acid ; then allowing the same quantity of acid to act 
on a known quantity of the ore ; then when chlorine ceases to be 
evolved, introducing the marble, and when the evolution of carbonic 
acid has ceased, removing the marble and weighing. The quantity of 
acid is ascertained from the difference in the loss of marble in the two 
cases. 100 parts of marble saturate 70.5 parts of dry and 205 parts 
of aqueous hydrochloric acid of 1.17 specific gravity; and when the 
acid is of 1.09 specific gravity, corresponding to. 18.2 per cent, of dry 
acid, 7.3 milligrammes (0.10 grain) of dry acid correspond to 1 
gramme (15.43 grains) of dissolved marble. 

4. By the decomposability and the physical condition of 
the orcy as they require different quantities of acid, lor 
instance, Spanish ore more than Nassau ore. 

Hydrochloric acid dissolves the ferrous oxide contained in man- 
ganese ores more readily than sulphuric acid, and differences may. 
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therefore, arise in the jield of available chlorine from an ore, accord- 
ing as one or the other acid has been used, since the more ferrous 
oxide dissolved, the more chlorine is kept back (p. 247). 

5. By the constitution of the ore, which requires also 
different quantities of acid. 

1 atom pyrolusite requires 4 atoms hydrochloric acid to yield 2 atoms 
of chlorine (MnO,4-4ClH = MnCl,-f Cl,-}-2H,0) ; while braunite 
requires 6 atoms of the acid (Mn,0,+ 6ClH = 2MnCl,-f C1,+3H,0). 

6. By the amount of hygroscopic water ^ which is some- 
times considerable, and must be removed by drying, for 
instance, upon Fresenius* disk (Fig. 2, p. 26), at 100° 
or 110 to 115° C. (212° or 230 to 239° F.). 

It is customary to represent the commercial value of 
manganese ores, whether the available chlorine or oxygen 
is to be ascertained, in terms of manganese peroxide equiv- 
alent to the chlorine or oxygen yielded (even if the ore 
does not contain it, as, for instance, braunite) ; namely, 
2 atoms of chlorine (17), or 1 atom oxygen (16) = 1 atom 
peroxide. Frequently 60 per cent, of peroxide is taken 
as the standard in commerce, and from a fixed price for 
this, the value of the ore is determined according to the 
higher or lower percentage of peroxide it contains. 

The following Table gives the theoretical yield of 
oxygen, chlorine, and peroxide of the different ores : — 





Ottygen 


Chlorine 


Peroxide 




per cent. 


per cent. 


per cent. 


Pyrolusite 


. 18 


81.2 


100 


Braunite 


. 10 


45.1 


55.5 


Hausmannite . 


6.8 


30.6 


37.7 


Manganite 


9 


45.6 


50. 


Varvicite 


. 13.8 


62.2 


76.6 



A. Gravimetric assays. — These require but simple uten- 
sils, and can be easily executed by not very experienced 
operators, but the results, if certain substances are pres- 
ent, are inaccurate, or require control assays. . 
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1. Method of Freaeniiia-WilV — 2 to 5 grammes (30.87 
to 77.16 grains) of very finely powdered ore are weighed 
out and placed in the flask A (Fig. 59), made of thin 
glass, and capable of holding about 1 20 cubic centimeters 
(7.32 cubic inches). To this are added two and a half 
times the quantity of powdered neutral potassium oxalate 
(5 to 12.5 grammes; 77.16 to 192.90 grains), and the 
flask is then filled to about one-third with water. The 
flask A is hermetically connected by the tube c (corks 



Fig. 59. 



Fig. 80. 




B(^^^^^^>=y' 




saturated with wax or paraffine, or caoutchouc stoppers 
should be used) with the flask -B, half filled With Eng- 
lish sulphuric acid. The tube a is closed with a plug 
of wax, or a caoutchouc tube with a glass rod, and the 
whole apparatus is weighed. The air is then aspirated 
at i, in order to create a partial vacuum in the flask 5, 
by which the air above the liquid in flask A will likewise 
be somewhat rarefied, in consequence of which the acid 



* Ann. der Gliemie u. Pharm. xlix. 137. Fresenius' Ztschr. i. 48 (Rohr) ; 
i. UO (Kolb) ; i. 81, 110 rKolbe). Dingier, clxxxvi. 310 (Lunge). 
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from B will pass through c into J., after the suction ceases. 
Carbonic acid is developed by the action of the sulphuric 
acid upon the ore and oxalate (Mn02+C203+S03= 
MnS04+2C02), which passes through c into -B, is dried 
in passing through the sulphuric acid, and escapes thrdugh 
h. The drawing over of acid by suction is repeated until 
no more carbonic acid is developed, and no black re- 
siduum is observed in J., gentle heating being employed 
towards the last. The plug or stopper is now removed 
from a, suction is applied at 6, in order to remove the 
carbonic acid contained in the apparatus. When this is 
entirely cold, the apparatus is weighed, and the percent- 
age of peroxide calculated from the loss of carbonic acid; 
2 atoms COg (88) being equal to 1 atom MnOa (87.14, or, 
in round numbers, 87). 

If carbonates are present the result will be affected, and the follow- 
ing process becomes necessary to neutralize their influence. A little 
sulphuric acid is drawn over from the flask B into A^ the latter con- 
taining only ore and water. The carbonic acid evolved is removed 
by aspiration, and the apparatus is weighed, the required quantity of 
potassium oxalate being weighed along with the apparatus upon the 
same scale pan. The oxalate is then quickly poured into the flask A^ 
and the further operation conducted as above. — According to Mohr^ a 
percentage of ferrous oxide^ in the ore (for instance, magnetic or spathic 
iron) does not affect the result of the assay, but gives too high a per- 
centage of chlorine for commercial purposes, since a part of the chlorine 
is consumed in the higher oxidation of the iron. — Lighter apparatus 
than that of Will and Fresenius is described by Afohr, Kolbe, and 
Boss (Fig. 60); Aj flask for the reception of the ore, potassium oxa- 
late, and water; (7, glass tube for sulphuric acid, diluted with an equal 
volume of water; B, drying-tube with calcium chloride, supported 
at A. The apparatus is weighed, and then tilted in order to transfer 
acid from C through the tube c to ^ (or by aspirating on the calcium 

» Fresenius' Ztschr. 1869, p. 814 (Mohr) ; 1871, p. 810 (Luck) ; Dingier, 
cxcvii. 422 (Pattinson). B. u. h. Ztg. 1871, p. 312 (Sherer). 
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chloride tube at /). The carbonic acid developed is allowed to escape 
through the drying-tube B, and finally the carbonic acid. is expelled 
from the apparatus by suction at I'. 

2. Method of FUcentscher'Nolte} — 1 to 5 grammes (15.43 
to 77.16 grains) of ore, 8 times the quantity of ferrous 
sulphate free from ferric oxide, an accurately weighed 
strip of bright sheet-copper 4 to 5 times the weight of 
the ore, 30 to 35 cubic centimeters (1.83 to 2.13 cubic 
inches) of hydrochloric acid of 1.12 specific gravity, and 
distilled water are placed in a suitable flask provided with 
a rubber valve (Fig. 10, p. 39). The contents is kept 
at a boiling heat (at least two hours) until the solution, 
at first brown, becomes nearly colorless, when the ferric 
chloride, which was first formed, is reduced to ferrous 
chloride by the copper, the weight of which correspond- 
ingly decreases (MnOg + 2FeCl2 + 2HC1 = MnCla + Ycj^\ 
+ 2H2O; then, Fe2Cle+2Cu = 2FeCl2+Cu2Cl2). The 
flask is then quickly filled with boiled water free from air. 
The liquid is then poured off", the strip of copper quickly 
thrown into water, rinsed, and dried with absorbent paper, 
but without rubbing it; then completely dried at 100*^ C. 
(212° F.), allowed to become cold in the desiccator, and 
then weighed. The percentage of manganese peroxide is 
calculated from the loss of copper, as, according to the 
above equation, 2 atoms of dissolved copper (126.8) cor- 
respond to 1 atom of peroxide (87.14). 

The oxidizing action of the air upon copper must be avoided, as 
otherwise more would be dissolved than the required quantity. For 
this reason a flask provided with a rubber-valve should be used, and 
ferrous sulphate free from ferric oxide. The copper should further be 
kept constantly covered by the hydrochloric acid, thoroughly boiled 
water be used, and the copper quickly rinsed off. In case the ore 

' Joum. f. prakt. Ghem. xviii. 160, 173 (Fikeutscher). B. u. h. Ztg« 
1859, p. 149 ; 1864, p. 874 (Nolte). 
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contains ferric oxide, a control assay must be made, as it forms ferric 
chloride with hydrochloric acid, and this contributes to the solution of 
the copper. This must be calculated for by treating a quantity of ore 
equal to that of the principal assay, with hydrochloric acid, but first 
without copper. This is now heated until all the chlorine has been 
expelled, the weighed copper is now added, and the liquid boiled until 
it becomes colorless. The loss in weight of copper by ferric chloride 
alone is now determined, and this is deducted from the loss which 
takes place in the principal assay. 

B. Volumetric assays. — Those methods which give only 
the actually available chlorine, as BwiserCs and Gay- 
Litssac*s^ deserve the preference, as other methods indicate 
too large a percentage of chlorine, which, in operations on 
the large scale where the ore contains ferrous oxide, can- 
not be depended on. 

Perreij^ found that an ore which gave 100 MnO, according to Fre- 
senius' method yielded 99.1 according to Mohr's^ 100.6 according to 
HempePsj 97.8 according to Gat/'Lussac^s^ and 98.4 per cent. MnO, 
according to Bunsen^s, The differences are partly explained by the 
fact that, in making the assays, the action of the ferrous oxide present 
is taken into consideration in some, while in others it is not; and that, 
when sulphuric acid is used (Fresenius, ffempel)y or hydrochloric acid 
(Bunsen, Gay'Lussac)y more or less ferrous oxide is dissolved, as it 
is not equally soluble in these acids. 

1. Bunsen^s method with iodine} — ^This is based upon 
the principle that, when chlorine evolved from manga- 
nese ore by hydrochloric acid (Mn02+4ClH=MnCl2-h 
2Cl^-2H20) is introduced into a solution of potassium 
iodide, it separates from this a corresponding quantity of 
iodine, indicated by the appearance of a brown color. 
After the addition of starch, which colors the solution 
blue, the quantity of separated iodine is determined by a 

* Dingier, ccxxvi. 194. 

« Mohr, Titrirraethode, 1874, p. 625. Muspratt's Chemie, iv. 1118. Fre- 
senius' Ztschr. 1869, p. 314 ; 1870, p. 410. Journ. f. prakt. Chem., Neue 
Folge, xviii. 101 (Marawski und Stingl). 
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titrated solution of sodium hyposulphite, which is added 
until the color has disappeared (2Na2S203+2I=Na2S40 
+ 2NaI); whence 2 atoms of chlorine correspond to 2 
atoms of iodine, and these to 1 atom of manganese per- 
oxide. This assay is very accurate, and the results ob- 
tained are not affected by any admixtures, but it requires 
somewhat skilful manipulation. 

The retort d (Fig. 61), the neck of which is provided 
with two bulbs in order to lessen the danger of loss by 
overflow, is filled one-third full with a freshly prepared 
solution of one part potassium iodide in ten parts of water. 

Fig. 61. 




The potassium iodide must not become colored on the 
addition of acid, as this would indicate the presence of 
l)otassium iodate, from which more iodine would be sepa- 
rated by chlorine. The retort is then inverted (see Fig. 
61), and a glass tube provided with a bulb c is introduced 
into the neck of the retort. The other somewhat wider 
end of the glass tube is furnished with a caoutchouc 
tube 6, previously boiled in a solution of potassium hydrate. 
0.1 to 0.5 gramme (1.54 to 7.71 grains) of very finely 
powdered ore is poured into the flask a. This is then 
about two-thirds filled with fuming hydrochloric acid, 
the neck of the flask is quickly pushed into the moistened 
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caoutchouc tube ft, so that glass touches glass. The flask 
is now slowly heated over a spirit-lamp, so as to avoid the 
passage of liquid from d back into a. The heating is 
continued until the greenish color of the chlorine in the 
bulb of the connecting tube disappears, the ore is entirely 
decomposed, and a peculiar crackling noise is heard in the 
flask. The heat is somewhat increased for about half a 
minute after the crackling noise has been perceived, to 
prevent the liquid, containing about 5 grammes (77.16 
grains) of solid potassium iodide and colored brown by 
the separated iodine, from passing over into the flask. 
The gas-conducting tube c is then withdrawn from the 
retort with the left hand, the heating of the flask a being 
continued all the while by holding the spirit-lamp below 
it with the right hand (if these manipulations are not 
conducted with proper skill, there is danger that the 
liquid in the retort will pass over). The tube is then 
washed off" in a beaker-glass. The retort, containing the 
brown iodine solution, is corked, and carefully shaken, so 
that the solution may take up all the free iodine, during 
which operation the liquid must not come in contact with 
the cork. After the fluid has become entirely cold, it is 
poured out in the beaker-glass. Should the liquid con- 
tain any undissolved iodine, a few crystals of potassium 
iodide must be added before the contents of the retort is 
emptied into the beaker-glass. It is then diluted to the 
bulk of one-half liter (0.88 pint). 100 cubic centimeters 
(6.1 cubic inches) of this are taken, introduced into a sepa- 
rate vessel, and titrated sodium hyposulphite is added to 
it as long as a red color is still distinctly perceptible. 
About 2 grammes (30.87 grains) of starch liquor are added, 
and then more sodium hyposulphite, drop by drop, until 
the blue color which has been formed just commences 
to disappear. If necessary, the assay may be controlled 
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Fig. 62. 



by titrating back with a normal solution of iodine, until 
the blue color appears again. The standard solution 
of sodium hyposulphite is prepared by dissolving 24.8 
grammes (382.72 grains) of sodium hyposulphite in 
water, and diluting the solution to 1 liter (1.76 pints). 
0.1 to 0.2 gramme (1.54 to 3.08 grains) of pure iodine 
is then dissolved in 18 grammes (277.78 grains) of po- 
tassium iodide, free from iodic acid, and this solution 
is also diluted to 1 liter 
(1.76 pints), when 1 cubic 
centimeter (0.061 cubic 
inch) of normal solution 
of sodium hyposulphite 
will correspond to 0.0127 
gramme (0.19 grain) of 
iodine contained in 1 cubic 
centimeter (0.061 cubic 
inch) of solution, so that 
equal volumes correspond. 

Fig. 62 represents a modified 
form of this apparatus, in which 
the bulbed-tube attached to the 
dissolving flask passes into a 
long and narrow tube, which is 
cooled by immersion in cold 
water, and contains a higher 
column of potassium iodide solu- 
tion. 

2. LevoVs method with irrni? — 0.5 to 0.6 gramme (7.71 
to 9.26 grains) of manganese ore, and 0.8 to 1 gramme 
(12.35 to 15.43 grains) of piano wire (containing on an 
average 99.6 per cent, of pure iron), are- treated with ex- 




> Dingier, Ixxxv. 299 (Levol) ; cxcvii, 422 (Pattinson). Fresenius' Ztschr, 
1S69, p. 509 (Teschemacher u. Smith). 
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elusion of air with hydrochloric acid, in a flask provided 
with a rubber valve (Fig. 10, p. 39) ; when, from the 
resulting ferrous chloride, a quantity of ferric chloride 
corresponding to the chlorine developed will be formed 
(Mn02+ 4HCl=MnCl2+ 2C1 + 2H2O and 2C1+ 2FeCl2= 
Fe2Cl4). The liquid is diluted to 0.5 liter (0.88 pint). 
100 cubic centimeters (6,1 cubic inches) of this are taken, 
and, after having become entirely cold, the non-oxidized 
quantity of ferrous oxide is determined by titration with 
potassium permanganate (p. 127). The quantity of iron 
oxidized by the chlorine is determined from the diflFer- 
ence ; and 2 atoms of iron (112) correspond to 1 atom of 
manganese peroxide (87.14). 

Ammonio-ferrous sulphate^ FeSO^ -["(^ ^^4)18^4 -f6H,0, may be 
used instead of metallic iron, in the proportion of about 7 o^mmes 
(108.02 grains) to 1 gramme (15.43 grains) of manganese ore with 70 
per cent, of peroxide, and 8 to 9 grammes (123.46 to 138.89 grains) if 
the percentage is higher; when 2 atoms of the salt (784) correspond 
to 1 atom of manganese peroxide (87.14). The assay solution to be 
titrated should be cold, and strongly diluted, to prevent tbe hydro- 
chloric acid from being decomposed by the potassium permanganate; 
or, potassium bichromate^ may be used instead of potassium permanga- 
nate. In this assay (iron test), which is much used in England, a 
part of the chlorine is consumed for the higher oxidation of tiie ferrous 
oxide, if any be contained in the ore. 

ZVin. SULPHUR. 

72. ORES. 

Native sulphur {sulphur earths) ; iron pyrites^ FeSo, 
with 53.33 S and 46.47 Fe ; magnetic iron pyrites, 
oFeS.FegSa, with 39.5 S ; copper pyrites^ CuFeS^, with 
34.89 S. 

1 Mohr, Titrirmethode. 1874, p. 632. Polyt. Centrbl. 1871, p. 1117; 
Oxalsaureprobe in Fresenius^ Ztschr. 1870, p. 410. 
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73. ASSAYS BY DISTILLATION FOR THE DETERMINATION OF 
THE AMOUNT OF SULPHUR WHICH AN ORE MAY YIELD. 

a. Sulphur earths. — 0.5 to 1 gramme' (7.71 to 15.43 
grains) of the ore is heated to a strong red heat in an 
imper\'ious clay retort, on the neck of which is luted a 
porcelain tuhe (Figs. 35, 36, p. 63), when the sulphur 
vapors will deposit themselves in the porcelain tube, the 
end of which just dips in water. The tube is then re- 
moved and the sulphur collected, dried, and weighed. 

Gerlaeh} conducts superheated steam into a glass retort containing 
the ore, from the neck of which the sulphur, which {>asses over, drops 
into a dish containing water. 

K Iran, pyrites, — 2 to 5 grammes (30.87 to 77.16 
grains), preferably mixed with the same volume of quartz 
or powdered charcoal to prevent caking, are placed in a 
glass tube 30 to 40 centimeters (11.8 to 15.74 inches) 
long and 13 to 15 millimeters (0.51 to 0.59 inch) wide, 
closed at one end. The other end is introduced into 
another glass tube, also closed at one end, and the sub- 
stance is then heated in a combustion furnace (Fig. 58, 
p. 230), or by another source of heat (p. 62). The end 
of the tube containing the sublimed sulphur is cut off and 
weighed. The sulphur is then volatilized by heat and 
the tube again weighed. Pure iron pyrites gives on a 
large scale at the utmost 23 per cent, of sulphur (7FeS2 
== 6FeS. FeSg + 6 S) ; copper pyrites not more than 9 
per cent. (Cu^S + Fe^Sj = CugS + 2FeS + S). 

1 Dingier, ccxxx. 66. 
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74. ASSAYS OF SULPHUR FOR THE DETERMINATION OF THE 
QUANTITY OF SULPHUR CONTAINED IN A SUBSTANCE. 

These assays may be executed in order to determine 
the yield of an ore in sulphurous acid, for the manufac- 
ture of sulphuric acid, or its yield of sulphur for the for- 
mation of raw matt, for controlling roasting, etc. For 
this the wet method is more frequently used than the 
dry method. 

A. Dry aeeay (raw matt assay). — ^The object of this 
assay is to determine the quantity of metallic sulphides, 
especially iron sulphide, contained in an ore, after the 
oxidized and earthy, etc. substances mixed with it have 
been separated by solvent agents. 

A mixture of 5 grammes (77.16 grains) of ore and 0.5 
gramme (7.71 grains) of resin is introduced into a cruci- 
ble (Fig. 42, p. 67). Upon this is placed 10 to 15 
grammes (154.32 to 231.48 grains) of borax, 5 to 10 
grammes (77.16 to 154.32 grains) of glass free from 
heavy metals, a cover of common salt, and a fragment 
of coal. The charge is fused at a bright red heat in 
the muffle or wind furnace for 30 to 45 minutes 
after the " flaming" has ceased. The resulting button of 
iron sulphide which is brittle and oxidizes and disinte- 
grates quickly, is carefully freed from slag which should 
be well fused. It is then weighed and broken up in 
order to recognize the presence of foreign metallic sul- 
phides by the appearance of the fracture. When only 
iron pyrites are present, this has a fine grain and speiss 
yellow color; with copper pyrites, brass yellow; with 
lead and sulphide, grayish and foliated; with zinc blende, 
radiated or foliated, of a sub-metallic lustre, and blackish- 
gray ; with metallic antimony and arsenic, a fine grain 
and light gray. 
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Hungary:'^ If the ores are easily fusible, 5 grammes (77.16 grains) 
are charged with a flux composed of 2 parts of calcined borax and 1 
part of glass free from iron, by placing a mixture of ore and 11.5 
grammes (177.47 grains) of flux in the bottom of the crucible, upon 
this 23 grammes (354.94 grains) of flux, and on the top 8 to 10 
grammes (123.46 to 154.32 grains) of common salt. This is fused 
in the muflie furnace. When the ores are refractory, 1.25 grammes 
(19.29 grains) are fused with the same flux, and 3.2 grammes (49.4 
grains) of a pure easily fusible concentrated pyrite ore, the percentage 
of matt contained in this being afterwards deducted; or, with 0.25 to 
3.5 grammes (3.85 to 54.01 grains) of copper as a collecting agent. — 
Pribram: 5 grammes (77.16 grains) are mixed with § the quantity 
of a flux consisting of 10 grammes (154.32 grains) of borax, 2 
grammes (30.87 grains) of glass, and 0.4 gramme (6.17 grains) of coal 
dust. The remaining ^ part of the flux is strewn over this, and on 
top a cover of common salt and fragment of coal. 0.05 gramme (0.77 
grain) of copper may be added to the roasted, and as much as 0.2 
gramme (3 grains) to unroasted ores. The crucible, with luted cover, 
is gradually heated to a moderate red heat in an anthracite furnace (p. 
56), and then fused for from 30 to 35 minutes at a bright red heat. — 
Slag$ with mechanical inclosures of matt are charged in the following 
manner : 30 grammes (462.97 grains) of slag, 20 grammes (308.64 
grains) of borax, and 50 grammes (771.61 grains) of glass with a cov- 
ering of common salt and a fragment of coal. The charge is fused 
for ^ to I of an hour at a bright red heat. 

B. Wet assays} 

1. Gravimetric assay. — 1 gramme (15.43 grains) of 
ore is decomposed by fuming nitric acid, then nearly all 
the nitric acid removed by boiling. Hydrochloric acid 
is now added and heat is applied, when the sulphur 
will be quickly dissolved (the heating should not be 
continued too long, or loss will ensue by the escape 
of sulphuric acid). The solution is then evaporated 
to dryness, the residue is heated with hydrochloric acid 
in order to expel the nitric acid (as otherwise the 
results would be too high). The liquid is now diluted 

• 

* B. u. h. Ztg. 1871, p. 255. 

* Masprati*s techn. Gbem. vi. 8. 
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and filtered, the filtrate precipitated with barium chloride, 
and the barium sulphate filtered through impervious 
Swedish paper, dried, ignifed, and weighed (BaSO^, with 
34.356 per cent. SOs and 13.73 per cent. S). The sul- 
phur in pyrites^ roasted pyritous ores, and the same lion' 
viated^ is determined by heating 0.5 gramme (7.71 grains) 
of the substance in a platinum crucible, together with 10 
parts of a mixture of 2 parts of sodium carbonate and 1 
part of saltpetre. This is lixiviated, etc., and finally pre- 
cipitated by barium chloride, etc., as above. — Process for 
determining small quantities of sulphur in materials and 
products of the iroii-woi'ks at Creuzot} The substance is 
heated in a porcelain tube, and a mixture of f of hydro- 
gen and \ carbonic acid is conducted over it. The sul- 
phuretted hydrogen, which is formed, is led into an acid 
silver solution, and the quantity of sulphur calculated 
from the weight of the silver sulphide. 

2. Volumetric aaaaya? 

a. 1 gramme (15.43 grains) of ore is intimately rubbed 
together with 2 grammes (30.87 grains) of pure saltpetre, 
or with 3 grammes (46.30 grains) of sodium carbonate 
and the same quantity of saltpetre. . The mixture is 
placed in a small dish of sheet iron, 66 millimeters (2.16 
inches) wide and 25 millimeters (0.98 inch) deep, which 
is placed in a scorifier (Fig. 37, p. 65). It is then grad- 
ually heated in a red-hot muffle. After fusing quietly 
from five to eight minutes, the small dish is taken out 
and allowed to cool off. The mass contained in it is then 
lixiviated with hot water and filtered into a small beaker- 
glass. The residue is washed out with as little water as 

> Fresenius' Ztschr. 1877, p. 835. B. u. h. Ztg. 1877. p. 341. 
s Dingier, ccxxxiii. 134 (Rollet). 

* Muspratt's techn. Cbem. vi. 9. Fresenius' Ztchr. i. 838 (Wilden- 
•lein). 
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possible, and hydrochloric acid in excess then gradually 
added. It is now heated in a sand-bath, in order to ex- 
pel the nitrous compounds. Titrated solution of barium 
chloride is then added drop by drop to the hot solution 
(which has been concentrated as much as possible), from a 
burette, divided into ^ cubic centimeter (0.015 cubic 
inch), until no further white turbidity is formed in the 
supernatant liquid. 1 cubic centimeter (0.061 cubic acid) 
of a normal solution, with 0.152 gramme (2.34 grains) 
of barium chloride, precipitates 0.050 gramme (0.77 grain) 
of sulphuric acid, corresponding to 0.020 gramme (0.3' 
grain) of sulphur ; or 5 per cent, of sulphuric acid and 
2 per cent, of sulphur. Some experience is required to 
detect the final reaction. Indicators for this have been 
proposed, as, for instance, potassium chromate, by Wilde'nr 
siein^ or filtering ofi" a few drops and adding barium 
chloride. 

According to Wildenstetn, the solution containing sulphuric acid is 
diluted to a bulk of 45 to oo cubic centimeters (2.74 to 3.35 cubic 
inches), to which is added a slight excess of titrated solution of barium 
chloride. It is then boiled for a half to one minute, a slight excess of 
ammonia free from carbonic acid having first been added. Titrated 
solution of neutral potassium chromate is now added in small quan- 
tities, which should not exceed ^ cubic centimeter (0.03 cubic inch) 
at a time, in order to precipitate the excess of barium monoxide, until 
the liquid, after having been shaken and allowed to become clear, 
shows a distinct yellow color. It is then titrated back with a few 
drops of barium chloride until the fluid becomes colorless. During 
this operation the precipitate must be allowed to settle every time, 
or a few drops should be filtered off, and tested. Normal solutions : 
1 cubic centimeter (0.061 cubic inch) of barium chloride = 0.015 
gramme (0.23 grain) of sulphuric acid, and 1 cubic centimeter (0.061 
cubic inch) of solution of potassium chromate = 0.01 gramme (0.15 
grain) of sulphuric acid. This assay gives accurate results to within 
\ per cent, of sulphur. 

6. Metallic sulphides decomposable by hydrochloric 
add are treated with it in a flask connected with a retort 






262 



ASSAYING. 



(Fig. 61, p. 263). The sulphuretted hydrogen developed 
is introduced into a titrated solution of iodine in potas- 
sium iodide (SHg + 12= 2IH + S), and the unchanged iodine 
titrated with sodium hyposulphite* (p. 254). 

ZDL FUELS. 

75. FUELS.* 

These may be in either of the following forms : solid 
(raw or natural, carbonized, or artificial, agglomerated or 
patent fuel briquetts) ; or liquid (petroleum, tar-oils) ; and 
gaseous (natural, gas, waste and generator gases, illumi- 
nating gas). 



The different varieties of raw fuel 


are, 


approximately, composed as 


follows : — 










G 


H 





Woody fibre (cellulose ~ C,H„Oj) . 


. 44.44 


6.17 


49.39 


Peat 




. 60.44 


5.96 


33.60 


Lignite ...... 




. 66.96 


5.27 


27.76 


Earthy brown coal . 




. 74.20 


5.89 


19.90 


Bituminous coal, recent . 




. 76.18 


5.64 


18.07 


" " ancient . 




. 90.50 


5.05 


4.40 


Anthracite coal, recent ... 




. 92.85 


3.46 


3.19 


" " ancient . 




. 94.20 


2.50 


8.30 



In order to remove earthy admixtures from fossil fuel 
before subjecting it to docimastic test, it is comminuted and 
stirred into sulphuric acid of 1.4 specific gravity, (in soda 
manufactories, in a solution of sodium sulphate'). The 
heavier earths will fall to the bottom, while the coal rising 
to the surface is removed with a spoon, thoroughly washed, 
and dried. 



' Dingier, ccx. p. 184. 

< Eerl, Grundr. der allgemeinen Huttenkiinde, 2 Aafl., 1879, p. 64. 
Muck in B. a. h. Ztg. 1876, p. 286 (Stcinkohlen). 
* Dingier, cxc. 76. 
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76. ASSAYS OF FUEL. 

The examination extends to the following points, on 
which the value of fuel chiefly depends : — 

1. Detei^mination of the amount of hygroscopic water. 
— 5 grammes (77.16 grains) of the powdered sample are 
placed in a watch-glass and heated on a water-bath (raw 
fuel), or (wood-charcoal, coke) at a higher temperature 
(120° to 160° C, 248° to 302° F.) in an air-bath, or on 
a drying disk (Fig. 2, p. 26). It is allowed to become 
cold in the desiccator (Fig. 17a, p. 43), and then weighed; 
is again dried and weighed until two weighings agree. 

Air-dried wood and peat contain 15 to 20 per cent, of water; lig- 
nite, 10 to 15 per cent. ; brown coal with a conchoidal fracture, 10 to 
5 per cent. ; earthy coal, as much as 25 per cent. ; bituminous and an- 
thracite coal, fresh from the pit, 1 to 10 per cent. ; wood-charcoal, 10 
to 12 per cent. ; coke, 5 to 10 per cent. 

2. Yield of carbon. — 5 to 10 grammes (77.16 to 154.32 
grains) of the material, either in small fragments, or in the 
form of powder, are placed in a covered crucible (Fig. 42, 
p. 67), and gradually heated to a red heat in the muffle 
furnace, until the flame which shows itself at the lid of 
the crucible disappears. The residue, upon cooling, is 
weighed, and (in tests of coal) the physical condition of 
the coke is observed at the same time. This may be 
more accurately ascertained by heating 1 gramme (15.43 
grains) of coal in a platinum crucible 40 millimeters 
(1.57 inches) high with a bottom diameter of 24 milli- 
meters (0.94 inch), keeping the crucible at a distance of 3 
centimeters (1.18 inches) over the flame of a gas-burner.^ 

The yield of carbon will vary according as the heat is raised more 
or less quickly, and with the degree of temperature, decreasing as the 

» B. u. h. Ztg, 1876, p. 287. 
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latter is more intense. Therefore, if several varieties of fuel are to he 
compared, the carbonization must be conducted at the same tempera- 
tures. The yield is generally less than that indicated by assay on th« 
large scale. The average yield from wood charcoal in heaps is 21 
to 22 per cent, by weight ; from pine wood, 55 per cent., and from 
hard wood, 48 per cent, by volume; and respectively 25 to 27 and 60 
to 65 per cent, in furnaces ; from more recent bituminous coal as 
high as 60 per cent. ; from semi-bituminous coal, 78 to 83 per 
cent. ; from anthracite coal, 84 to 87 [>er cent., and from real anthra- 
cite, 88 to 93 per cent, by weight. 

Determination of the colcing quality of coal according 
to Richtera^ 1 gramme (15.43 grains) of coal in a finely 
powdered condition is mixed either with 0.1, 0.2, 0.3, etc., 
that is to say, as many times 0.1 gramme (1.54 grains) of 
powdered quartz as may be necessary to just crush the 
cake of coke remaining in the covered porcelain crucible 
after ignition, when weighed with a 0.5 kilogramme 
(1.1 lb.) weight carefully placed upon it. If 0.5 gramme 
-(7..71 grains) of powdered quartz has been used, the 
coking quality of the coal would be represented by 5. 
etc. 

3. Volatile products are determined from the difference 
in weight between the coke and raw fuel, after deducting 
the percentage of water. The amount of gas a coal will yield 
is ascertained by heating 5 grammes (77.16 grains) of the 
sample in a glass retort or tube. The gas evolved (after 
passing through two wash-bottles filled respectively with 
baryta water and lead acetate to absorb carbonic acid and 
sulphuretted hydrogen) is collected over mercury in a 
graduated cylinder (Fig. 58, p. 230). 

4. Determination of the a^h. — The residue from the 
assay for carbon (containing carbon and ash) is pulverized 
as fine as possible, placed in a roasting-dish (Fig. 7, p. 34) 

1 Dingier, cxcv. 71. 
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and heated in the muffle, which should not be exposed to 
too strong a draught of air, until the black particles have 
entirely disappeared. The ash is then weighed, and its 
physical properties (color, whether caked or pulverulent, 
etc.) are at the sam^ time examined. 

Gjpsum and iron pyrites undergo alteration during this operation, 
thus impairing the result of the assay. This must be especially taken 
into consideration when a contract for the purchase of coal is based 
upon the minimum amount of ash.^ 

Amount of ash in different kinds of fuel: Wood, 0.15 to 2 per cent., 
an average 1 per cent, (composed of about 70 per cent, of calcium 
carbonate and 20 per cent, of alkaline carbonates) ; wood charcoal, 3 
to 4 per cent.; peat, 0.5 to 50, on an average from 6 to 12 per cent, 
(composed o^^ approximately, 35 per cent, of argillaceous sand, as 
much as 40 per cent, of magnesian gypsum, about 30 per cent, of ferric 
oxide, and 3 per cent, of alkalies, as well as some phosphoric acid and 
chlorine); brown coal, as high as 50 per cent., on an average from 5 
to 15 per cent, (chiefly silicic acid, alumina, ferric oxide, lime, sul- 
phuric acid, lesser quantities of magnesia, alkalies, chlorine, rich in 
sulphur in the form of gypsum and iron pyrites, poor in phosphorus); 
hard coals, 0.5 to 30 per cent. ; the best coal, at an average from 4 to 
7; medium quality 8 to 14; and poorer qualities over 14 per cent. — 
ash, mostly bisilicate of alumina with lime (1 to 20^per cent.), ferric 
oxide (1 to 75 per cent.), alkalies (0 to 3 per cent.), sulphur (0.5 to 2 
percent.). Coke, 1 to 30 per cent, (good coke about 10 per cent.), 
phosphorus 0.0025 to 0.05 p<ir cent. — The amount of sulphur^ con- 
tained in a coal or its ash is determined by fusing 1 gramme (15.43 
grains) in a platinum crucible with 8 grammes (123.46 grains) of 
saltpetre, 4 grammes (61.73 grains) of potassium carbonate, and 16 
grammes (246.92 grains) of common salt. The fused mass is lixiviated 
with water, hydrochloric acid is added, and the mass then filtered. 
The filtrate is precipitated with barium chloride, and the resulting 
barium sulphate containing 13.8 per cent, of sulphur is weighed (see 
also assays of sulphur). 

' B. u. h. Ztg- 1878, p. 61 (Muck). 

■ Schwefelbeatimmnng in Stein kohlen, etc. Oestr. Ztschr. f. Berg- u. 
HQttcnwesen, 1874, p. 11 (Eschka). Fresenius^ Ztschr. xii. 32, 178; xiv. 
16 (8auer). B. u. h. Ztg. 1875, p. 228 (Hayes). 



266 ASSAYING. 

5. Determiiiatwa of heating poicer. — ^In estimating the 
availability of a fuel for a given purpose, it is of the greatest 
importance to determine how much heat, equal parts by 
weight {ahaolute hecUing effect\ or equal parts by volume 
{specific heating effect)^ of different fuels will produce. 
The intensity of the heat produced {pyrometric heating 
effect) may also be a point of investigation. 

The latter may be determined by calculation or by the pyrometer/ 
either Fischer's' calorimeter or Siemens' electric pyrometer ;* or by 
means of the fusing point of alloys by a modification of Prinsep's prin- 
ciple.^ The specific heating etfect is found by multiplying the absolute 
heating effect by the specific gravity of the fuel in question. Berihier's 
method of determining the absolute heating effect may be especially 
recommended for docimastic purposes. 

Bertliier*a method of determining the absolute heating 
power is based upon Welter^a law, according to which the 
absolute heating power of different combustible substances 
is proportional to the amounts of oxygen required for 
their complete combustion. The oxygen is taken from 
oxides (lead oxide), and the quantity of metal (lead) set 
free represents the quantity of liberated oxygen, and 
therefore the absolute heating power. 

Welter* s law is based upon the fact that, according to former experi- 
ments by Rumfordj Despretz, and others, the absolute heating power 
of carbon to hydrogen is in the proportion of 1 : 3.03, and the respec- 
tive amounts of oxygen required for the combustion of I part of these 
elements are in nearly the same proportion (1 : 3). But, according to 
recent investigations by Favre^ Silbermann, and others, the absolute 
heating powers of carbon and hydrogen are, respectively, as 1 :4.3; 
and, therefore, Welter's law has become obsolete, and the results ob- 

' Kerl, Grundr. der allg. Huttenknnde, 1879, p. 85. 

s Dingier, ccxxv. 468. Ber. d. deutsch. chem. Ges. 1879, p. 1694. 

» Dingier, ccxvii. 291. B. u. h. Ztg. 1871, p! 450; 1878, p. 231, 896; 
1874, p. 463; 1876, p. 156; 1877, p. 109. 

« Freiberger Jahrb. 1879, p. 154. B. u. h. Ztg. 1879, p. 126 (see Ap- 
pendix). 
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tatned hj Berthier^s method are only approximate. They approach 
more closely to the truth, the richer in carbon and pooi*er in hydrogen 
the fuel is, while the results from combustible substances rich in 
hydrogen are from 7 to -^ too low compared with more accurate calori- 
metric determinations. His method is, nevertheless, frequently used 
in practice, it being very convenient and quickly executed, and under 
the above-mentioned conditions gives practically available results, 
especially in the examination of different varieties of the same kind 
of fuel. 

Exactly 1 gramme (15.43 grains) of the finely divided 
fuel is weighed out, and intimately mixed with 40 to 50 
grammes (617.29 to 771.62 grains) of litharge finely 
sifted and free from globules of lead, organic substances, 
and minium; or, still better, with 70 to 90 grammes 
(1080.26 to 1388.91 grains) of white lead. The mixture 
is covered with 20 to 25 grammes (308.65 to 385.81 
grains) of litharge (or, 30 to 40 grammes (462.97 to 
617.29 grains) of white lead), a lid is placed upon the 
crucible, and the charge gradually heated in the muffle 
furnace (Fig. 25, p. 51) imtil it is completely fused. 
The heat is then increased for a short time, when the 
oxidizable constituents of the fuel will be consumed at 
the expense of lead oxide and will separate the more 
lead the richer they are in such constituents. After the 
charge has been fused, which requires from ^ to f of an 
hour, the crucible is taken out and allowed to cool ofl^. 
The lead button is then freed from slag, brushed ofl^, and 
weighed. The resulting weight is divided by the quan- 
tity of the sample used in order to learn how much lead 
has been reduced by it. The thermal value of graphite^ 
may also be determined by this assay. 

In the case of combustible materials decomposable at a 
hwer temperature^ lead oxycMoride^ which is more easily 

1 Kerl, Thonwaarenindastrie, 1879, p. 01. 
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fusible, should be used. It is obtained by fusing 3 parts 
by weight of red litharge together with 1 part of lead 
chloride in a Hessian crucible. 1 gramme (15.43 grains) 
of the fuel is mixed with 40 grammes (617.29 grains) of 
the oxychloride, and the mixture covered with 30 grammes 
(462.97 grains) of the latter. 

1 part of pure carbon reduces 34 (more accurately 34.52) times the 

quantity of lead ; wood, 12 to 15, on an average 13.95 parts (a32(K) 

heat units = 0.41 per cent, carbon) ; peat 8 to 18, Irish varieties as 

much as 27 parts ; brown coal 14 to 26 parts ; bituminous coal 23 to 

31 parts, and anthracite 26 to 33 parts ; wood charcoal 28 to 33.7 parts; 

coke 22 to 30 parts of lead. If the fuel contains iron pyrites, the 

quantity of lead reduced increases (1 part FeS, I'educes 8.72 partii, 

and 1 part FeS, 7.18 parts of lead from litharge). Suppose;? to be 

the weight of the lead button, the heating power in calories or heat 

8080 
units is expressed by x = - - ^- p = 234 p. In case the fuel contains 

a large amount of hydrogen, this value must be multiplied with a co- 
efficient lying between 1 and |. 

Suppose 100 kilogrammes (220 pounds) of coal must be replaced br 
wood in some smelting process in a reverberatory furnace. How much 
of the latter must be taken ? The absolute heating power of both 
must be determined according to Berthier's method, according to 
which they are capable of reducing, respectively, 24 and 14 parts 
of lead. Then 14 : 24 = 100 : x and a: = 170 kilogrammes (374 
pounds) of wood supply the place of 100 kilogrammes (220 pounds) oH 
coal. If the quantities of fuel are to be determined by the volume, it 
is only necessary to multiply the above numbers, 24 and 14, by the 
specific gravity of the fuel in question, and to formulate the resulting 
products into a similar proportion. 

6. Physical and chemical behavior. — The following 
pomts must be considered as exerting an influence upon 
the action of combustible substances in the fire, during 
transportation, etc. : structure, density (compactness), 
form and size of the lumps, specific gravity, behavior 
when thrown into the glowing mufile, or in the furnace 
(whether they kindle easily or difficultly, burn quietly or 
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fij into pieces, whether the flame is short or long, or 
more or less smoking, the liberation of odors, l^rittleness, 
etc.), chemical composition of the fuel, and of the pulve- 
rulent, sintered, or clinkered ash, etc. 

77. EXAMINATION OF FURNACE GASES. 

To be able to judge the processes taking place dur 
ing combustion,^ the velocity of the flue gases, and the 
amount of air passing through the furnace are determined 
by an anemometer^ the strength of the draught by a 
draught meter ^^ the intensity of the heat by a 'pyrometer^ 
and the amount of carbonic acid^ carbonic oxide^ and free 
oxygen in the furnace gases are ascertained — 

1. By means of Orsat's apparatus.'^ — With some ex- 
perience and intelligence this apparatus gives results avail- 
able for practical purposes, even in unscientific hands. It 
is based upon the principle, that a measured volume of 
gas is conducted through agents for the absorption of its 
principal constituents (caustic potassa for carbonic acid, 
potassium pyrogallate for oxygen, and solution of cuprous 
chloride for carbonic oxide), the volume of gas remaining 
alter each absorption being measured, when the amount 

' Kerl, ThonwaareninduBtrie, 1879, p. 801. 
■ Topfer- u. Ziegler-Zta:. 1878, No. 1. 

* Dingier, clxzi. 48 (List). Notizbl. der deutsch. Ver. f. Fabrikation yon 
Ziegcln u. a. w. ix. 96 ; xi. 191 ; xiii. 40, 42. Topfer- u. Ziegler-Ztg. 1877, 
No. 46. 

* Kerl, Grundr. d. allg. HUttenkunde, 1879, p. 85. Mitchell, Practical 
Asaayinfi:, P* 181. 

' Fichet-Ramdohr, Gasfeuerung, Halle, 1875. Ann. des mines, vol. viii. 
livr. 6de 1875. B. u. h. Ztg. 1874, p. 282; 1875, p. 148; 1876, p. 72; 
1877, p. 147. Dingier, ccxix. 420 (Weinhold). Fresenius' Ztschr. 1877, 
p. 343 (Seyberth). Oest. Ztschr. 1877, No. 11, 18, 16. Ztschr. de Ver. 
(lentsch. Ing. xx. 818. Dingier, ccxxvii. 258; ccxxix. 262 (Fischer.) 
Winkler, Anleitung z. Cheni. Untersuchung der Industriegase, 2 Abth., 
1877, p. 1859. 
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of each will be ascertained from the difference. The ap- 
paratus is placed in a portable wooden case, and, accord- 
ing to Fischer* 8 latest construction, is arranged as follows, 
(Fig. 63):— 

-4 is a burette inclosed in a glass cylinder. Its lower 
end is connected with the water flask E by means of a 
rubber tube. The burette is capable of holding 100 cubic 

Figs. 68 and 64. 




centimeters (6.1 cubic inches). Its lower part holding 4(1 
cubic centimeters (2.44 cubic inches) is graduated to one- 
fifth cubic centimeter (0.012 cubic inch), and the upper 
part in whole cubic centimeters (0.061 cubic inch). B 
C D are the absorption vessels {B for caustic potassa, C 
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for potassium pyrogallate, and D for solution of cuprous 
chloride, or a fluid obtained by shaking copper hammer 
scale with a mixture of equal volumes of ammonia and 
cold saturated solution of sal ammoniac). The vessels 
are filled with fine glass tubes and connected with the 
burette by means of a system of thick-waUed capillary 
tubes, ah c are plain cocks ; d is a Winkler cock (Fig. 
64, B\ which besides having a simple perforation is also 
cut lengthwise. The outer end, a, is connected with an 
aspirator by means of a rubber tube. When the cock is 
properly set, the tube e (which is provided with a little 
water, and loosely filled with cotton, in order to saturate 
the gas with water vapor and to retain dust), and the 
gas-conducting tube connected with it, can then be filled 
with the gas to be examined. 

The operation is conducted as follows : The cock d 
is set so that it communicates with the outer air. The 
flask E^ filled with water, is raised so that A will become 
completely filled with water, the air escaping from d. d 
is then closed towards A. The cock a is now opened and 
the flask E lowered, whereby the absorption vessel B is 
filled with the absorbing liquid (potassium hydrate) to the 
mark immediately below the cock a, whereupon this is 
closed. C is filled in a similar manner with potassium 
pyrogallate, and D with a solution of cuprous chloride 
from vessels of equal size communicating with and placed 
behind them. The furnace gas to be examined is aspi- 
rated through the aspirator, and the connection between e 
and A is established by the cock d, after the burette A has 
been completely filled by raising the flask E, The latter 
is then lowered, when A will be become filled with the 
gas. d being properly set, the gas is allowed to escape by 
again raising -E, in order to expel any small quantities of 
air which may still be contained in the capillary tubes. 
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After A has in this manner been filled with gas, this is 
successively forced by the same manipulation through 
jB, (7, and 2), and each time returned to -4, in order to 
measure the volume of gas which has been absorbed re- 
spectively in 5, (7, and 2). 

Orsat has further ervlarged his apparatus so that hydrogen and 
carburetted hydrogen can be also determined.^ An apparatus for 
examining gas, by Schtvackhofer,* has recently been recommended, 
it being claimed that it is less easily broken and safer to handle than 
Orsat* s. 

2. By means of Bunte^s burette (^^S- ^^)- — ^^^ unlim- 
ited number of absorbing agents can be used in this 
apparatus, as it allows of the removal of the absorbing 
liquids from the burette without a loss of gas every time 
after they have been used, and further permits the gas 
inclosed in the burette to be brought, after each absorp- 
tion, to the same pressure. -4 is a burette divided from 
the WinJder cock, a, to the common cock, J, into some 
what more than 110 cubic centimeters (6.71 cubic inches) 
and fractions. Hs a funnel forming the upper part of the 
burette, having a capacity of 25 cubic centimeters (1.52 
cubic inches) to the mark w. The burette, A^ is filled with 
gas by connecting a with the gas-conductor by means ol 
a rubber tube, and aspirating the gas through b until all 
the air has been expelled from A, a and h are then 
closed, and a rubber tube, plugged at one end with a 
small glass rod, is pushed over the point of a. In order 
to bring the volume of gas in the burette to 100 cubic 
centimeters (6.1 cubic inches) under a known pressure, 

» Ann. d. min. 1875, t. viii. p. 501. Oest. Ztschr. 1877, No. 18. B. u. 
h. Ztg. 1878, 128. Dingier, ccxxi. 284; ccxxvH. 171 (Fischer). Winkler, 
Ani. z. chem. Untersucbung der Industriegase, 2 Thi. p. 198. 

' Ztschr. der berg- u. hQttenm. Ver. fQr Steyermark u. Kamtheu, 1878, 
No. 8-6, p. 78. 

* Dingier, ccxxvil. 167 ; ccxxyili. 46. 
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Fig. 85, 



water is forced into the burette up lo the point by- 
means of a rubber hose filled completely with water, and 
connected with the funnel, T, and the point of the burette. 
h ia then closed, and a opened towards m, whereby a part 
of the gas escapes, and the inclosed remaining part stands 
under the pressure of the atmosphere and a column of 
water a few cubic centimeters high. The gas can in a 
similar manner be brought under equal conditions of 
pressure at any desired position of the liquid in the 
burette, and a correction 
for the pressure, which is 
made the same at every 
reading, is not required in 
the customary statement of 
the results of the experi- 
ments in per cents, of the 
total volume. 

The following is the pro- 
cess of manipulating when 
furnace gases in the burette 
contain carbonic acid, car- 
bonic oxide, and oxygen. 
The minutely perforated 
point, 6, of the burette is 
coonected with the flask, 
F, by the rubber tube r. 
The cock h is then open- 
ed and air drawn out 
through the tube e by 
suction, whereby water is 

drawn from the burette ^ to .f , and then b is imme- 
diately closed. The flask, F, is removed from the burette, 
and the point of this is dipped into a dish containing 
solution of potassium hydrate. When the cock b is 
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opened, this enters A^ and replaces the water drawn 
out. The burette is held by its extremities and gently 
shaken for the absorption of the carbonic acid. As soon 
as this has been accomplished, t is connected with A^ by 
the cock a, whereby water enters into J., until the pres- 
sure is completely equalized. The volume of carbonic 
acid^ which has disappeared, is read off on the burette. 
The oxygen is determined in a similar manner by with- 
drawing a part of the potassium hydrate by suction, and 
allowing potassium pyrogallate to enter; while for the 
determination of the carbonic oxide^ the potassium pyro- 
gallate must be entirely removed from the burette by 
repeatedly aspirating the liquid from A^ through 6, and 
allowing water to flow in through a from <, until the 
absorbing agent has been entirely removed, when solu- 
tion of cuprous chloride is introduced in the manner 
indicated. 
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A. Tabular Synopses. 



1. Atomic Weights. 





Old 

equivalent 

weights. 

13.7 

122 

75 

68.5 
4.7 
210 

11 

80 

56 
188 

20 
6 

• • • • 

35.5 

26.1 

29.5 

31.7 

48 

56.3 

19 

• • • « 

197 
1 

56.7 
127 

99 

28 

46 

103.5 ' 
7 

12 

27.5 


New 

• atomic 
weights 




Old 

eqalTalent 
weights. 


New 

atomic 
weights. 


Aluminium 

Antimony 

Areenic 


27.4 
.122 

75 
137 

9.3 
210 

11 

80 

112 

*133 

40 

12 

91.2 

35.5 

52.2 

59 

63.4 

95 
112.6 

. 19 
• 68.8 
197 
1 
113.4 
127 
198 

56 

93 

207 

7 

24 

55 


Mercury 

Molybdenum . . . . 
Nickel 


100 

46 

29.3 

47 

14 

99.2 
8 

53.3 

31 

99 

39 

52.2 

85.5 

52.2 

39.7 

14 
108 

23 

43.8 

16 

91 

64 
204 

a . • • 

59 
25 
60 
. • • • 
92 

30.85 ; 
32.6 
44.8 


200 
96 
58.6 


Barinm 


Niobium 

Nitrogen 

Osmium 

Oxvflren 


94 


Beryllium 

Bismuth 


14 
199.4 


Boron 


1 16 


Bromine 


Palladium 

Phosphorus 

Platinum 

Potassium 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

Silicium 

Silver 


1 106.6 


Cadmium 

Cesium 


31 
198 


Calcium 


39.1 


Carbon 


104.4 


Cerium 


85.5 


Chlorine 


104.4 


Chromium 

Cobalt 


79.4 
28 


Copper 


108 


Didymium 


Sodium 


23 


Erbium 


Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin 


87.6 


Fluorine... , 


32 


Gallium 


182 


Gold 


128 


Hydrogen 

Indium 


204 
282.4 


Iodine 


118 


Iridium 


Titanium 

Uranium 

Vanadium 

Wolfram 

Yttrium 

Zinc 


50 


Iron 


120 


Lanthanum ...... 

Lead 


51.8 
184 


Lithium 


61.7 


Magnesium 


65.2 


Manganese 


Zirconium.' 


89.6 
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2. . Fusing Points of Metals and Furnace Products,^ Glowing 

Temperatures* 





Foklng 


Fusiofr 


Glowing 


Glowtaf 




poiak 


point 


temper'tare 


t«mp«r'tnr« 


• 


(CeUlus). 


(Ftthr.). 


(Celsini). 


(Fahr.). 


Tin 


2280 


442. 40 






Bismuth 


264 


507.2 






Thallium 


290 


554 






Cadmium (455© C, 851o P.) (lull- 










ing point 8910 c., 1635.80 P.) . 
Leadf 


820 


608 






835 635 






Zinc (boiling point according to 


1 






Becquerell8910C., 1635.80 P., 


1 






according to Deville 1040O C., 










1904OF.) .... 


412 


773.6 






Antimony 


432 


809.6 






Incipient redness . 


.... 


.... 


5250 


9770 


Dark redness 


.... 


.... 


700 


1292 


Aluminium .... 


700 


1292 






Incipient cherry-redness 


.... 


• • ■ ■ 


800 


1472 


Strong cherry-redness . 


.... 


• • • ■ 


900 


1652 


Bronze 


900 


1652 






Litharge 


954 


1749.2 






Complete cherry-redness 


.... 


• • • • 


1000 


1832 


Silver (according to Becquerell 










9160C., 1680.80 P.) 


1000 1882 






Copper matt .... 


1002 1835.6 






Brass 


1015 1859 






Lead matt 


1027 1880.6 






Black copper .... 


1027 1 1880.6 






Raw matt 


1047 


1916.6 






Lead speiss 


1062 


1943.6 






Copper ..... 


1090 ' 1994 






Gold (according to Becquerell 


1 






1037^C.,1898.6op.) 


1200 


2192 






Bright redness 


.... 


■ ■ • • 


1200 


2193 


White heat .... 


.... 


• • • • 


1300 


2372 


Jiead and lead matt slag 


1815>1830 2899-2426 






Raw slag 


1330-1360 2426-2480 






Black copper slag 


1345 


2453 






Blast furnace slag 


1390-1430 2534-2606 






Cobalt (1400O C. 25520 p.). 


f 








Strong white heat 


.... 


• • • • 


1400 


2552 


Dazzling ivhite heat . 


.... ' •*•• 


1500-1600 2732-3913 


Cast iron (according to Becque- 


1 

1 






rell 1050 to 1200O C, 1922 to 








21920P.) .... 


1500-1700 2782-3092 






White crystalline pig iron accord- 










ing to V. Tunner 


1600 


2912 






Gray charcoal pig iron according 










to V. Tunner .... 


1700 


3092 

















> The older fusing points mostly according to Plattner ; those inclosed in 
brackets are newer, according to Becquerell. 
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Foaing I Fasing 
point polut 

, (CeUias). < (Fatir.). 



Palladium (according to Bccque- 

rell 1360 to 1380O C, 2480 to 
25100 W ) 

Nickel (1600O c,\ 2912© F.) ! 

Wolfram (1700O C, 3092© F.) . 

Manganese (according to John 
15000 C, 27320 F., according 
to Becquerell lOOOO C, 29120 
F.) 

Uranium and molybdenum 
(1600O C, 29120 F.) 

Chromium (1700O C, 3092^ F.) 

Steel (according to Becquerell 
1300 to 1400O C, according to 
V. Tunner 1850O C, 88620 F.) 

Malleable iron (according to Bec- 
querell 1600O C, 29120 F.) . 

Platinum (according to Debray 
2000O C, 36320 F., according 
to Becquerell 1400 to 1480O C, 
2600 to 26960 F.) . 

Iridium (2400O C., 48520 F.) . 



I 



lepoo . 29120 



Glowing j Glowing 

temper' tare temperature 

(CeUiae). (Fahr ). 



1700-1900 3092-8452 
1900-2100 8452-8812 



2534 I 4593.2 



Plattner's method is based upon Prinsep's principle (determination 
of temperatures by the fusing points of alloys), but his deductions are 
untenable, although probably approximate for the average of com- 
mencing fusion of substances. The determination of the fusing point 
of the old furnace products of the Freiberg smelting works is also of 
but little importance at the present time, as these products have lately 
been materially changed by new processes. 

Erhard and Schertel have recently ^made experiments with the aid 
of their improved pyrometer to determine the fusing points of metals, 
alloys, furnace products, silicates, minerals, and rocks. As these 
may be considered at the present as the most reliable, we give them 
in the following table. 
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H. Fusing Points of Metals^ Alloys^ Furnace ProdnctSy Rocks^ and 
Silicates^ according to Erhard and Schertd} 

a. MetaU and Alloys, 













DegrMt Oeltlat. 


Decrees Fahrenheit. 


Ag 


• • • • • 


954 


1749.2 


80 Ag 


20 Au 






, \ 975 


1787 


60 *• 


40 »* 






995 


1823 


40 ** 


60 " 






1020 


1868 


30 " 


80 »» 






1045 


1913 


An 


• • fl 






. , 1075 


1967 


95 Au 


5 Ft 






1100 


2012 


90 *' 


10 »' 






1180 


2066 


85 " 


15 " 






1160 


2120 


80 " 


20 " 






1190 


2174 


75 *' 


25 " 






1220 


2228 


70 " 


30 •* 






1255 


2291 


65 " 


85 " 






1285 


2845 


60 '* 


40 '» 






1820 


2408 


55 " 


45 " 






1850 


2462 


50 '* 


50 " 








1885 


2525 


45 »» 


55 •* 








1420 


2588 


40 " 


60 " 






1460 


2660 


85 »* 


65 •» 






1495 


2728 


30 " 


70 '* 






1586 


2795 


25 " 


75 '* 






1570 


2858 


20 " 


80 " 






1610 


2980 


15 " 


85 »* 






. ; 1650 


8002 


10 *» 


90 " 






1690 


8074 


5 '' 


95 »» 






1780 


8146 


Ft 


• • i 








1775 


8227 



» Frelberger Jalirb. 1879, p. 164. B. u. h. Ztg. 1879, p. 126. 
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&• Furnace ProducU and Qanguei. 



Slag from working the ores in the 
Muldner smelting works (porous) 

The same rich in zinc (porous) . 

The same two slags entirely fused 

Concentration slag of copper matt 

Melaphyre from Mulatto . . . 

Pitchstone from Arran . . . 

Asbestos .J 

Temperature in the porcelain kiln 

Blast furnace slag (SOSiO,, ITAl^Og, 

3FeO,80CaO) 

Fusing point 77 Au 23Pt=1208<^C. 
(3206.40 F.). 

Freiberg raw slag (48SiO„ 9A1,0„ 
37FcO,4.5CaO,1.5MgO) . . . 

Freiberg lead slag (36. 5SiO„ 40. 5FeO, 
8.5Al,05,4CaO, 8MgO,7.5BaO) 
Fusing point 85Au 15Pt=l 160O C. 
(2120O F.). 

Freiberg black copper slag (82.78iO„ 

60.3FeO,7Al,O,) 

. Fusing point 88Au 17Pt=11720C. 

(2141.60 F.). 
Raw slag from 8.45 dry ore and 5.25 

lead slag 

2.4 raw matt, fui^ing point 88 Au 

17Pt=11720 C. (2141.60 F.). 

Lead slag from 2.84 roasted lead 

ore, 1.80 roasted raw matt, 5.00 

lead slag, 0.80 powdered coke . 



Corresponding 
alloy. 



70 Au 80 Ag 



Temperatnre 
deffrees 
Celtiat. 



1 



90 Au 
80 " 



94 



(t 



60 •' 
50 *' 



49 



67 



68 



77 



t« 



59 »» 
75 " 



f( 



«( 



(I 



10 Pt 
20 Ag 

6Pt 

40 »» 
50 '» 



51 



ti 



41 »' 
25 " 



I 



1080 

1130 
1045 

1106 

1300 
1400 

1892 

formation 

temp. 

1836 

1220 



38 



(I I 



1278 



82 



i( 



1267 



28 



it 



1208 



Temperature 

degrees 
Fahrenheit. 



1886 

2066 
1918 

2022.8 

2872 
2552 

2587.6 



2418.8 
2228 



2328.4 



2812.6 



2206.4 



B. Lower Harz Working Assays. 

According to Brdwaing^ the following methods are used 
in the Oker assay laboratory for assaying the Rammela' 
herg ores and the furnace products obtained from them, 
after 25,000 to 75,000 kilogrammes (55,000 to 165,000 
lb.) have been broken into pieces the size of a fist. A few 
gramraes of samples are taken by crossing; these are 
comminuted in a stamping-mill, powdered fine in a mor- 
tar, and sifted. 



' Zeitscbr f. Berg-, HQtten-, a. Salinonwesen im Prcuss. Staate, Bd. 25. 
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a. Lead (p. 94). — 3.75 to 7.5 grammes (57.87 to 115.74 
grains) of the ore are decomposed ' with aqua regia and 
evaporated with addition of sulphuric acid. The mass is 
then digested with diluted sulphuric acid, and filtered. 
The filtrate is placed on the roasting-dish and dried un- 
der the muffle. The mass is then mixed with three times 
the quantity of black flux (1 part of saltpetre and 2 parts 
of argol), and placed in a crucible (Fig. 39, p. 66). 0.75 
to 1.13 grammes (11.57 to 17.44 grains) of iron wire and 
a thin covering of common salt are added, and the charge 
is fused under the muffle for from fifteen to twenty 
minutes. 

6. Copper. — The filtrate from the test with sulphuric 
acid (a) is diluted to the. bulk of 1 liter (1.76 pints). 250 
cubic centimeters (15.25 cubic inches) of this are taken 
and treated with 10 to 15 cubic centimeters (0.61 to 0.91 
cubic inch) of nitric acid of 1.2 specific gravity. The 
solution is then precipitated by sulphuretted hydrogen, 
and the precipitate, in case its color indicates the presence 
of considerable quantities of antimony and arsenic, is 
treated with sodium sulphide. The residue of copper sul- 
phide is dissolved in 20 to 30 cubic centimeters (1.22 to 
1.83 cubic inches) of moderately diluted nitric acid. This 
is diluted with water, filtered, and the copper precipitated 
by electrolysis (p. 115). — Swedish assay for the deter- 
mination of copper in intermediate products. The ob- 
ject is attained more quickly by this method, but it is 
done at the expense of accuracy. 3.75 grammes (57.87 
grains) of the assay sample are decomposed with aqua 
regia^ and evaporated to dryness with sulphuric acid. 
The dry mass is then taken up with some diluted sul- 
phuric acid, filtered, and the copper precipitated with 
zinc. The precipitated copper is then ignited xinder the 
muffle. — Eeijie^s colorimetrw assay (p. 128) for products 
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poor in copper (slags, lixiviation residues). 3.75 grammes 
(57.87 grains) of the substance are decomposed by means 
of aqua regia. The solution is supersaturated with am- 
monia and filtered. It is then diluted to a known volume 
and compared with standard solutions. 

c. Iron, — ^The filtrate from the precipitation with sul- 
phuretted hydrogen (b) is oxidized with nitric acid. It 
is then evaporated to a small volume, and precipitated 
with ammonia. The precipitate is dissolved in hydro- 
chloric acid, reduced with stannous chloride, and the 
excess of stannous chloride is titrated back with solution 
of iodine (^KerVa Eisenprobirkunat^ 1875, p. 16). 

d. ZiiiQ (p. 212). — The filtrate from the iron precipitate 
is slightly acidulated with hydrochloric acid, and then 
tested for zinc with potassium ferrocyanide by the volu- 
metric method. 

c. Silver. — 3.75 grammes (57.87 grains) of ore, etc., 
are placed in a scorifier with a mixture of 37.5 grammes 
(578.70 grains) of granulated lead and 0.55 to 0.75 
grammes (8.49 to 11.57 grains) of borax, and with a 
cover of 0.37 gramme (5.71 grains) of borax, and the 
charge fused. The lead buttons are cupelled in cupels 
made of 3 parts of wood-ash and 1 part bone-meal. The 
buttons of silver are weighed. — Black copper and crude 
copper are fused with twenty times the quantity of granu- 
lated lead. The assay of fine silver is executed accord- 
ing to Volhard^a method, it being simpler and more expe- 
ditious than that of Gay-Luaaac^ and equals the last- 
named in accuracy. 

/. Gold, — The buttons obtained from fusing with 
lead (see e) are dissolved in nitric acid (free from chlo- 
rine) of 1.2 specific gravity. The solution is carefully 
heated to the boiling-point, and, when the action of the 
acid can no longer be perceived, the argentiferous solu- 
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tion is separated from the gold. The latter is careftilly 
washed, placed in a tared porcelain crucible, gently ignited, 
and then weighed. In fine silver assays the percentage 
of gold is determined in the manner indicated on p. 157. 
g. Sulphur (p. 259). — 1.87 grammes (28.86 grains) of 
raw or roasted ore are digested for several hours, in the 
cold, with concentrated fuming nitric acid. An equal 
quantity of concentrated hydrochloric acid is added, and 
the liquid heated on the sand-bath, until the nitric acid 
has been driven off. It is then diluted with water, fil- 
tered, and the sulphuric acid precipitated with barium 
chloride. Or, by another method, which is more easily exe- 
cuted and gives sufficiently accurate results, the ore is 
fused with alkaline nitrates and carbonates in iron dishes 
under the muffle, etc. (p. 260). 

C. Schaffner's Assay of Zinc (p. 207) as modified by 

Brunnlechner.^ 

Crystals of sodium sulphide are dissolved in water 
with the application of heat until the solution is super- 
saturated. The solution is then allowed to cool off and 
settle. The clear solution is poured off and diluted with 
10 to 11 times the quantity by volume of water. It is 
then poured into a flask having the capacity of 4 to 5 
liters (7.04 to 8.8 pints) and provided with a doubly per- 
forated cork. Into one of them is fitted a glass siphon 
with a rubber tube and pinch-cock, and into the other a 
short, small, glass tube which may be closed by a cock or 
cork. The contents of the flask is thoroughly shaken, 
and, the flask being closed, the siphon is filled by blowing 
into the small tube and opening the pinch-cock at the 
same time. The liquid is then allowed to stand for at 

> Oesterr. Zeitschr. f. Berg- u. HQttenwesen, 1879, No. 87. 
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least twelve hours before it is used. Its strength will 
be diminished within twenty-four hours, to the extent of 
2.5 to 3-thousandths by the oxidation of the sodium sul- 
phide. As much chemically pure zinc as is approxi- 
mately contained in the sample ore is then weighed off. 
If, for instance, the ore contains 40 per cent, and 0.5 
gramme (7.71 grains) have been weighed off for the 
assay, about 0.2 gramme (3.08 grains) of pure zinc will 
be required. This is placed in a flask capable of holding 
half a liter (0.88 pint) and dissolved in 10 cubic centi- 
meters (0.61 cubic inch) of concentrated hydrochloric 
acid. The solution is diluted with 100 cubic centimeters 
(6.1 cubic inches) of water, and treated with 50 cubic 
centimeters (3.05 cubic inches) of ammonia. It is then 
thoroughly shaken and allowed to stand for some time, 
as, otherwise, the indicator wguld be affected too quickly 
and the titer of the standard solution would be too high. 
1 cubic centin>eter of the solution should precipitate at 
least 8, and at the utmost, 10 milligrammes (0.12 and 
0.15 grain) of zinc from the assay. 

When the ore contains over 20 per cent. 0.5 gramme 
(7.71 grains), and, if less, 1 gramme (15.43 grains) of 
zinc carbonate and roasted zinc blende is dissolved in con- 
centrated hydrochloric acid, to which a few drops of nitric 
acid have been added, but raw zinc blende and calamine 
are dissolved in aqua regia. In case gelatinous (ferru- 
ginous) silica should be separated, the solution should be 
diluted, the liquid poured off from the residue, the sedi- 
ment on the bottom detached by means of a glass rod, 
again heated with acid, and the two liquids then united. 
In case sulphur should be separated from silicious 
zinc ores, fuming nitric acid or potassium chlorate is 
added. The solution is then evaporated to the consist- 
ency of syrup, in order to remove the excess of acid. The 
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residue is then moistened with a few drops of hydrochloric 
acid and diluted with 20 cubic centimeters (1.22 cubic 
inches) of water. To this are added 30 cubic centimeters 
(1.83 cubic inches) of ammonia and 15 cubic centimeters 
(0.91 cubic inch) of ammonium carbonate. The solu- 
tion is allowed to settle and then filtered into a flask of 
500 cubic centimeters (30.51 cubic inches) capacity. The 
filter is washed with 30 cubic centimeters (1.83 cubic 
inches) of warm ammonia, and finally with warm ammo- 
niacal water. When much ferric hydrate is. present the 
precipitate is again dissolved and precipitated with am- 
monia and ammonium carbonate. — Plnmhiferotis ores: 
The assay sample is dissolved in nitric acid, and the solu- 
tion evaporated with sulphuric acid. The lead and cal- 
cium sulphates are then filtered off. If the ore contains 
but little calcium, it may be treated with nitric acid, and 
the lead precipitated with 30 cubic centimeters (1.83 cubic 
inches) of ammonia, and 15 cubic centimeters (0.91 cubic 
inch) of sodium phosphate. When much c^cium is 
present, the precipitate is again dissolved and precipitated. 
A stand with three shelves is used. The uppermost 
shelf serves for the reception of the flask containing the 
sodium sulphide, the second smaller one, for a small 
flask with a pipette containing the indicator solution, tod 
upon the lowest shelf, which projects somewhat, the flask 
containing the solution of zinc is placed. Over this, 
hangs a burette with a pinch-cock fastened to arms on the 
vertical wall, its mouth being directly under the orifice of 
the pinch-cock on the flask containing the standard solu- 
tion. Duplicate titrations are then made, between which 
only decimal differences are allowable. Suppose E is 
the weight of the assay sample in eg., Q the quantity of 
standard solution in c. cm. used for the precipitation, M 



schaffner's assay of zinc. 285 

the total quantity of the assay solution in c. cm. ; the titer 
will be — 

jr^ 100^ 

[Q—{Mx 0.007)] 
if hydrated peroxide of iron has been used as the indica- 
tor, or 

T= 100 Jg 

[Q — {Mx 0.005)] . 
if paper saturated with ferric chloride (p. 209) has been 
used. 

In titrating the samples, one*third to one-half of the 
approximate quantity of the precipitating agent required 
should be added every time to the solution and this well 
shaken. A drop of solution of ferric chloride is added 
to the zinc solution from a small pipette. The mass of 
hydrated peroxide of iron which is formed is broken up 
into as equally sized flakes of 1 to 1.5 millimeters 
diameter (0.039 to 0.059 inch) as possible by vigorously 
swinging the flask to and fro. This swinging is con- 
stantly continued while solution of sodium sulphide is 
added bv cubic centimeters, until the color of the flakes 
commences to change. A minute is then allowed for the 
reaction of the particles of liquid which have remained 
ineiFective, and the precipitation is then finished by adding 
sodium sulphide drop by drop. If Fis the quantity of 
the precipitating agent consumed in c.cm., T the titer, M 
the total quantity of the solution in c.cm. after the assay 
is finished, the percentage of zinc when ferric hydrate has 
been used as indicator, will be-7- 



and 



z= Jl[r-(ifx 0.007)] 

^=j^[^-(^x 0.005)] 
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when slips of paper saturated with ferric chloride have 
been used. When the first plan is employed the titration 
must be continued, in order to ascertain the titer, until 
the flakes become entirely black, but, in titrating solutions 
of ore, only until the reddish-brown color has passed into a 
greenish tint. The following conditions are required for 
obtaining a sharp reaction: the flakes must be nearly 
of the same size, the flask should be carefully swung to 
and fro to prevent the flakes from being broken up 
any further; not too much of the precipitating agent 
must be added at one time, and it should not fall directly 
upon the flakes, but run down the sides of the flask; 
the titration should be done at the ordinary tempera- 
ture, whereby the reaction appears more gradually and 
uniformly, but the precaution must at the same time be 
observed of adding the standard solution at longer inter- 
vals ; uniformity of quantity and time in treating the assays ; 
judging the tone of color by reflected light; and finally 
the flake reaction should be controlled by a drop test. 

If it is required to determine the amount of over 0,5 
per cent, of lead in zinc ore, 2 grammes (30.87 grains of 
the sample are dissolved in nitric acid and evaporated to 
dryness. Some diluted sulphuric acid is added to the dry 
mass, and this is again evaporated until white vapors ap- 
pear. It is allowed to become cold, diluted with 20 cubic 
centimeters ( 1 . 22 cubic inches) of water, filtered, and washed 
until the wash water shows no reaction with ammonium 
sulphide. The precipitate (lead sulphate, calcium sul- 
phate, gangue) is rinsed off" into a beaker and digested 
with a mixture of ammonium tartrate and ammonia in 
excess. The lead solution is filtered off*, the lead precipi- 
tated with sulphuric acid, and the lead sulphate dried 
and weighed ; or, it is detached from the filter, the latter 
incinerated, and the precipitate ignited (see also p. 98). 
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AbflorptioD by the oupel, correction 

Uble for, 150 
Abstricb, 95 
Acid solvent agentfi, 79 
Acids for wet assays, 88 
Air-excludiog floies, 82 
Air, igoitioD witb admission of, 88 
Alloys, gold, free from copper, prelimi- 
nary test for, 167 
of copper, refining of, 109 
of gold, assaying, 166-178 

with copper, separated by 
cnpellation, 178 
of lead, assaying, 97 
of platinum, 180-182 
of silver, assays of, 146-159 
sampling, 28-25 
weighing samples of, 80 
Amalgam, 131 
American assay weight, 71 
charge of copper, 103 
Ammoniaoal nickel solutions, 192 
Ammonia, precipitation of nitric acid, 
bismuth, or lead in solution of cop- 
per by, 128 
Ammonio-ferrous sulphate for assay of 

manganese, 256 
Ammonium carbonate, 82 
Anglesite, 97 

ADthracite and graphite, substitutes for 
charcoal, 76 
eoals, composition of, 262 
Antimooial nickel, 182 

ore (ullmannite), 182 
silver, 181 
Aotimonium crudnm, 288 

liquation process for determin- 
ing, 288 
Aotinooy. 282-286 

and sine in lead, 141 
assay of, by precipitotion, 233, 284 
detection of. In lead, 95 
fire assays of, 282-284 
gold with, 162 
grwtmetrio assay of, 235 
in antimony sulphide, determina- 
tion of, 288, 284 



Antimony — 

in copper, removal of, HI 

in nickel ores, 189, 190 

in precipitated copper, test for, 113 

ores of, 282 

oxide, 82, 282 

oxidised ores of, do not require 

roasting, 284 
oxysulphide, 282 
precipitation uf, by galvanic action, 

116 
protects copper from alagging, 

104 
removal of, in lino assays, 21 1 
roasting and reducing assay for, 234 
sulphide, 282 

determination of antimony in, 
288, 284 
volumetric assay of, 285, 286 
wet assays of, 235, 236 
Apothecary balance, 70 
Aqua regia, decomposing lead ore with, 

95 
Argentiferous gold, preliminary assay 
of, 170 
roll assay, charging. 171 
cupelling, 171 
for, 170-177 
weighing the sample of, 
170,171 
lead, cnpellation of, 141-144 
Arsenates of copper, 100 
Arsenic, 236-241 

acid, to reduce to arsenious acid, 

241 
fire assay of. 286-238 
for copper, 82 
gold with, 162 
in copper, removal of. 111 
in nickel ores, volatilising, 186 
native, 286 

fire assays of, 286, 237 
ores of, 286 
precipitation of, by galvanic action, 

116 
protects copper from slagging, 104 
removal of, in sine assays, 211 
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Arsenical iron in nickel ores, slagging 

off, 185, 186 
Arsenide, cobalt, in nickel ores, 186 
Arsenious acid, 287 

estimation of, 240 
Arsenixing and fusing nickel ores, 185 

nickel ores, 183 
Ash, amoant of, in different kinds of 
fuel, 265 
in fuels, determination of, 264, 265 
Assay furnaces, 49^63 
lead, 81 
liquid, measaring and titration of, 

46-49 
modified Swedish, 110 
of galena with black flux, potas- 
sium carbonate, and floor, 89 
of platioiferous ores, 179, 180 
reagents, 70-83 
vessels, 64-70 

for the dry method, 64-69 
for the wet method, 69, 70 
Assays of alloys of silver, 146-159 
of lead in the dry way, 85-97 
Assaying by the cupel, 141-144 
object of the art of, 17, 18 
Atacamite, 100 
Atomic weights, 275 
Auriferous iron, steel, etc., 166 
lead and bismuth, 166 

oupellation of, 164, 165 
silver buttons, effect of platinum, 
rhodium, and iridium on, 
176 
grains, separation of, from 

samples of ores, 178 
pulverulent assay of, 177, 178 
Australia, assay of gold in, by washing, 

160 
Austrian assay weights, 71 
Asurite, 100 

Balances and weights, 70, 71 
Balling's volumetric assay for silver, 

144, 145 
Bases and salts for wet assays, 83 
Basic solvent agents, 80 
Batteries, 116 
Beilstein and Jawein on galvanic assay 

of sine, 206 
Belgian assay of galena, 86 
Belgium, treatment of lead matt in, 

89 
Berlin School of Mines, furnaces used 

in, 54 
Berthier on the reducing power of 

various ajieuts, 78 
Bertbier's method of determining the 

absolute heating power of fuel, 266, 

267 



Bisohof on oolorimetrio process for lead, 

100 
Bismuth, 224-227 
auriferous, 166 
cnprifernus, 224 
fire assays of, 224-226 
glance, 224 
in copper, removal of. 111 

solution, precipitation of, 128 
in nickel ores, 184 
native, 224 
ochre, 224 
ores, 224 

and compounds free from sol- 

phur, 224, 225 
Joaohimsthal process for, 225 
i Rose*8 process for, 226 
sulphurised, 225, 226 
Tamm's process for, 226 
wet assays of, 226, 227 
precipitation of, by galvanic action, 

116 
separation from lead, 226, 227 
Bismu^hic cupel ash, 224 
Bituminous coal, composition of, 262 
Black copper, refining, 107 
flux, 76, 80, 81 

and metallic iron, assay of 

galena with, 89-91 
composition of, 95 
Blast furnaces, 60, 61 

lamp, 42, 43 
Bleiberg, Garinthia, wet assays of lead 
in, 98, 99 
treatment of lead matt in, 89 
Blowpipe, use of, in assaying, 18 
Blue vitriol, lOi 
Boiling argentiferous gold in nitric 

acid, 172, 174 
Bone-ash, mould for making cupels of, 68 
Borax, 79 

and lead, refining copper with, 106, 

107 
for refining copper, 104, 106, 107 
use of^ in scorification assay of 
silver, 138 
Borax- glass, 79 
Bonrnonite, 100 
Braunite, 246 
Bromine, decomposition of gold ores b/, 

165 
Bromyrite, 131 
Bronxe, assay of, 128, 124 
Bullion or button balance, 70 
Bunsen burner, 42 
Bunsen's method for manganese, 252 
Bunte*B burette, for examination of 

furnace gases, 272-274 
Burette, Bunte's, for examination of 
furnace gases, 272-274 
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Burettes, 47, 48 
Button, weighing the, 31 

Cadmiam, 213, 214 

galvanic nssay of, 214 
ores, 213 

removal of, in zinc assays, 211 
CaUmine, 202 
C&lcintnjr, 82, 83 

vessels. 65 
Calcium carbonate, 80 

fluoride, 80 
Calorimeter, Fisher's, 206 
Ciirhon in fuels, determination of, 208, 

264 
Carbonate, zinc, 202 
Carbonizing, 32, 33 
Cas^iterite, 214 
Caustic alkalies. 80, 81 
Centner assay, 71 
Cerussite, 96 

charge of, 96 - 
Charcoal, 76 

and coke furnaces, 53, 54 
and graphite, 82 
Charges, American, of copper, 103 
for different copper ores, 109 
for Bcorification assays of silver, 

table of, 133-185 
of Hungarian fahlerz, 103 
of matt rich in copper, 103 

in iron, 108 
of Tarions forms of copper, 103 
Charging the sample, 31, 32 
Chemical operations, 32-49 
Chili method of sampling, 21 
Chlorination, Plat<ner*8, process, 165 
Chlorine, determination of percentage 
of manganese in an ore by, 246, 247 
Chrome iron ore, 243 

ores, Calvert*B, Britton's, and 
Dittmar's methods for de- 
composing, 246 
Chromium, 243-246 

direct assay of, 243-245 
gravimetric assays of, 243-245 
indirect assay of, 245 
non-precipitation of, by galvanic 

action, 116 
ores, 243 

removal of, in zinc assay, 211 
volumetric assay of, 245, 246 
wet assays of, 243-246 
Cinnabar, 228 

assay of, 231 
Claroond's thermo-electric battery, 116 
Classification, 32 
Clay, 80 

vessels, 64-67 
Coal, determination of sulphur in, 265 
19 



Coal, determination — 

of volatile products in, 264 
of the coking quality of, 264 
Coals, composition of, 262 
Cobalt, 198-202 

Cobalt and nickel, separation of, 195 
tints iu*oduced by, 158 
arsenide in nickel ores, slagging ofi^, 

186 
assays of. 190-202 
beauty of the colors of, 199 
bloom, 198 
determination of, 199 

of blue coloring power in, 199 
dry assay, 199 
earthy, 198 
glance, 198 
metallic oxides in, 199 
non-precipitation of, by galvanic 

action, 116 
ores, 198 

assay to determine quality of 
colors, 200-201 
density of color, 201, 
202 
containing copper and nickel, 

how to roast, 200 
impure, effects of too slight 

roasting, 200 
pure, roasting of, 200 
roasting of. 199, 200 
smalt, assay of, 199 
pyrites, 198 

removal of, in zinc assays, 21 1 
separation of, in nickel ores, 198 
slagging off from nickel ores, 186 
speiss, 200 
wet assay, 199 
Cobaltous oxide, 199 
Coins, gold, various composition of, 170 
samples for producing, 25 
silver, 147 
Coke, anthracite, and graphite, substi- 
tutes for charcoal, 76 
Coking quality of coal, determination 

of, 264 
Colorado method of sampling, 21 
Colorimetrio analysis, 17 
assays by. 48, 49 
reagents for, 88 
assays for copper, 110 
how employed. 18 
of copper, 1 28-1 30 
of nickel ores, 1 98 
processes for lead, 100 
Combined lead and silver assay, 140, 

141 
Combustion furnace, 229, 230 
Concentrating fluxes, 81 
Cooling of the assay, 72 
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Copper, 100-180 

affinity for salphnr, 101 

alloyed with tin, Bssay of, 128, 

124 
and lead in nickel ores, 1 90 
and gold alloys, separation of, 178 
arsenates of, 101 
assay, Cornish, 109, 110 
black, free from lead, refining, 104 
which oontnins iron, arsenic, 
or antimony, refining, 104 
charges of, 108 

choice of wet essnys for, what de- 
pendent on, 110 
colorimetrio assay for, 110 

assays of, 128-130 
color produced by, 168 
completion of refining process, 105 
dry assays of, 101-110 
electrolytic nssny of, 116-120 
Fleitmann's assny of, with ferric 

chloride, 127, 128 
glance, 100 

gravimetric aspay for, 110 
Heine's nsi-ay for, 128-130 
impure (black) precipitated, emm- 

ination of. III 
in form of cuprous sulphide, deter- 
mination of, 120-122 
in lead, 141 
in nickel coins, determination of, 

196 
in sine ores, 207, 208 
Jaquelin- Hubert's asfay for con- 
siderable percentages of, 180 
'large percentage of, in nickel ores. 

188 
Lower Hnrz working assay of, 280 
native, 100 
nickel, 182 

ores, with small percentage of, 
187 
ores, 100 

containing bitumen, treatment 
of. 111 
neither lead nor antimony 
nor arsenic, treatment 
of, 100 
different charges for, 109 
oxidized, 100 
purple, 100 
reducing and solvent fusion of, 

102 
roasting, 102 

with antimony or arsenic, 100 
with sulphur, antimony, and 
arsenic, 102-108 
Parke's assay of, with potassium 
cyanide, 124-127 



Copper- 
phosphates of, 100 
poor in silver, 147 
precipitated, containing antimooy 

and arsenic, color of, 113 
precipitation of, by the galvanic 
current, 115 
of, with iron, 111-114 
of, with iron or line, 110, III 
of, with line, free fk'om lead 
and arsenic, 114, 115 
protection of, from slagging, 104 
pure precipitated, color of, 113 
pyrites, 100, 256 
red, 100 

refining by itself without bonz 
and lead, 106, 107 
on the dish with borax, 104 
with lead and borax, 106, 107 . 
with the blowpipe, 108 
removal of, in xino assays, 211 
of metals in, which are preci- 
pitated with iron and lioc. 
110 
sulphide, 132 
superbr accuracy of wet assays of, 

]\0 
test for, 114 

of assay of, 105 
of complete precipitatioo of, 
by sulphuretted hydrogen, 
115 
the most accurate process for re- 
fining, 104 
volumetric assays for, 110 

of, 124-128 
wet assays of, 110-130 
with bismuth, determination of, 
227 
Cornish assay of copper, 101, 109, 110 
of tin, 219-220 

less accurate than tl>^ 
German, 220 
Cornwall, determination of tin in, 215 
Correction table for absorption by the 

cupel, 150 
Crocoisite, 96, 243 
Crossing method of sampling, 20, 21 
Crucible assay for gold, 161 
of silver, 137-140 
for smelting iron, 67 
Crucibles, 66, 67 

for assay of lead, 67 
for copper and lead smelting, 67 
Upper Ilarz, 65 
Cupel, loss of silver by absorption of, 

140, 150 
Cupellatton of argentiferous lead, 141- 
144 
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Cupellation — 

of aariferous lead, 164, 166 

preliminary assay of cupriferous 
alloys by, 167 

refining copper by, 107 
Cupels, 67, 68 
Cnpric sulphate, 101 
Cupriferous alloys, preliminary assay 
of, by cupellation, 167 

bismuth, 224 

compounds of nickel ores, 187 

ores, 226 

silver or fine silver, 147*160 
Cuprite, 100 
Cuprous fluid, filtration of, 116 

schist, treatment of, 116 

silver, 82 

sulphide, 120-122 

Dearsenising of nickel ores, 186 

Debray's apparatus, 40 

Decantation, 41, 42 

Decomposing and volatilising fluxes, 82 

Decrepitated common salt, 82 

De Haen's volumetric assay of copper, 

124 
D'Hennin's process of separating iri- 
dium from gold, 177 
Desiccator, the, 43 
Desprets, 266 
Desulphurizing agents, 81 
Devil1e*s furnace, 60 
Dtoptase, 100 
Distillation, 38 

and sublimation, furnaces for, 61, 
62 

assay of zinc, 203 

assays of sulphur by, 267 
Draught or wind furnaces, 66-60 
Dropping the ore, sampling by, 21 
Drop test, 44 
Dross, silver, 141 
Dry assays of copper, 101-110 

method, 17 

working by the, 82-38 
Drying precipitates, 42 

Earthy brown coal, composition of, 262 

cobalt, 198 
East Indies, gravimetric analysis for 

silver in, 168 
Electrolytic assay of copper, 116-120 
Eoargite, 100 

EngUnd, assay of galena in, 91 
English assay weight, 71 

charge of crucible assay of silver, 

la9 
commission, examination of, into 
errors in the assay of coins, 
176 



Erhard and Schertel's experiments for 
determining the fusing points of met- 
als, alloys, etc , ^277-279 

Errors in assays of coins, percentages 
of, 176 

Erubescite, 100 

Eschka's process for mercury in combi- 
nation with gold, 230, 231 

Evaporation of the solution, 39 

Exclusion of air, ignition with, 83 

Fahlerz, Hungarian, charges of, 103 
Fahlerz, Hungary, treatment of tetra- 

hedrite at, 102 
Favre's investigations in regard to heat- 
ing powers of carbon, 2U6 
Ferric chloride, assay of copper with, 
127. 128 
hydrate, retention of copper by, 

130 
oxide, 80 

hydrated, in zinc assays, 210, 
211 
shade of coloration in 
zinc assay, 210 
Ferrous oxide, protects copper from 

slagging, 114. 
Fikentscher-Nolte's method for manga- 
nese, 261, 262 
Filtering apparatus, 41 
Filtration, 41 

Fire assays for silver, 132-144 
principal, 131 
of nickel, 182-190 
of platiniferous ores, 179, 
180 
or fusion assays of gold, 160-166 
Firing the furnace, 67 
Flask, gRS generating, 122 
Fleitmann*s assay of copper with ferric 

chloride, 127, 128 
Flintshire, treatment of lead matt in, 

88 
Fluor-spar as a flux, 87 
Fluxes, 76, 77 

air-excluding, 82 
measuring, 6\ 
weighing samples of, 31 
Fossil fuel, to remove earthy admix- 
tures from, 202 
Fragments, homogeneous, sampling, 

19, 20 
Franklinite, 202 
Freiberg, assay of galena at, 91 

crucible assay of silver slags at, 

140 
cupels, 68 

results obtained at, regarding ab- 
sorption by the cupel, 160 
sampling in, 19, 22 
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French CommiBsion on Coinage and < 
Medals, correction Cable of, for ab- 
sorption bj the cupel, 150 
French metric system of weights pre- 

ferable in assaying, 71 
Fresenius's drying disk, 26 
Fresenius-VVill method for manganese, 

249-251 
Fuel, amount of ash in different kinds i 
of, 205 I 

determination of ash in, 264, 265 J 
of heating power of, 266 
of the amount of hygroscopic 

water in, 268 
of the volatile products in, 264 
Fuels, 262-269 

assays of, 263-269 
physical and chemical behaTior of, 
268 
Furnace, combustion. 229, 2S0 
for copper assays, 58 
for iron assays, 58 
for lead assay, 58 
gases, examination of, 260-274 
products, fusing points of, 276 
tools, 72 
Furnaces, assay, 49-63 
blast, 60, 61 

charcoal and coke, 58, 54 
draught or wind, 55-4>0 
for solid, free-burning, flaming 

fuel, 51-53 
for sublimation and distillation, 

61,62 
muffle, 49-55 

oil, of Andouin-Deville of Paris, 54 
organic-combustion, 68 
Fusing points of furnace products and 
gangues, 279 
of gold and copper, 50 
of metals and alloys, accord- 
to Erhard and Schertel, 278 
of metals and furnace pro- 
ducts, glowing tempera- 
tures, 276, 277 
Fusion, 86 

for copper, time required, 103 

liquating, o8 

mixing, 88 

oxidizing, 86, 37 

purifying, 87 

reducing, 37 

Galena, assay of, in an Iron pot, 86 

of, in yarious countries, 91, 92 
of, with potassium cyanide in 
clay crucibles, 89 
Belgian assay of, 86 
containing large quantities of 
earths, assay of, 93-95 



Galena — 

rich, assay of, 86-89 

with more earths, assay of, 89-93 

with line blende, iron pyrites, etc., 

93 
without foreign metallic sulphides, 
86 
Galetti's volumetric assay of copper, 

124 
Galvanic assay of cadmium, 214 
G»«8 furnaces, 54, 55 
Gases, furnace, 269-274 
Gas-generating fliisk, 122 
Gay-Lu8sac's apparatus, 154 

method for manganase, 252 
silver assay, 44 

volumetric assay for silver, 151- 
156 
Gerlach's method for assaying salpbar 

earths, 257 
German assay of copper, 101, 102-109 
of tin more accurate than the 
Cornish, 220 
Glass, as a flux, 82 

powdered, 79 
Glaucodot, 198 
Glowing temperatures of metals and 

furnace products, 276, 277 
Gold, 159-178 

alloys, determination by color, 167 

of, assaying, 165-178 
amalgam, 166 
and copper alloys, separated by 

cupeilntion, 178 
and silver alloys, with or without 
copper, 166 
in lead, 87 

in refined copper, 104 
sweepings, crucible assay 

of, 189, 140 
with platinum, copella- 
tion of, 181, 182 
argentiferous, roll assay for, 170- 

177 
crucible assay for, 161 
fire or fusion assays of, 1 60-1 65 
for collecting cupper, 82 
in platiuiferous ores, 179 
loss of, in cupelling, cause of, 

176 
Lower Han working assay of, 281, 

282 
mechanical assay of, by washing, 

160 
mercury in combination with, as- 
says for, 230, 231 
native, 159 
non-alloys of, 159 
ores, 159 

American assay of, 162 
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Gold ores — 

with 9o1phnr, antimiony, or ar- 
seoic, 162-164 
pare, preparation of, 170 
pyrites poor in, 163 
quartz, 161 

scorifioation assay for, 161 
separation of iridium from, by fu- 
sion, 177 
sing, 162 

smelting with lead, 161-164 
sweepings, 162 
wet assay of, 165 
with earths and oxides, 161, 162 
with platinum, cupellation of, 180, 
• 181 
Goldsmith's sweepings, samples of, 22 
Gramme, 71 • 

Graphite, a substitute for charcoal, 76 

crncihies, 66, 67 
Grafimetric analysis, 17 
assays by, 38 
for silver. 158 
of lead, 98-100 
vessels for, 69, 70 
assays, 110 

for copper, 110 
reagents for, 83 
Gray flux. 77 
Greenockite, 213 

Hampers method of testing refined cop- 
per, 119, 120 
Hnuitmannite, 246 
Heating power of fuels, determination 

of, 266 
Heine's assny for poor ores, slags, etc., 
of copper, 128-130 
colorimetric assay, determination 
of copper in zinc by, 211 
Herpin's method of testing copper, 1 1 9 
Hessite, 131 

Heterogeneous fragments, sampling, 20 
Horn silver, 131 

Hungarian mercurial tetrahedrite. 229 
smelting works, assay of gold at, 

163 
speiss assay of copper, 106 
Hungary, assay of sulphur ores in, 259 

of lead in, 94 
Hydrochloric acid, dissolving zinc with, 

114 
Hydrogen, apparatus for igniting in a 

current of, 121, 122 
Hydrostatic assay for silver, 159 
Hygroscopic water in various fuels, 263 

Igniting precipitates, 42 
Implements and tools, 72-75 
India, treatment of mercury in, 229 



Indirect assay of zinc ores, 203 
Iodine, determination of tin by, 222, 

223 
lodyrite, 131 

Iridium, effect of, on auriferous silver 
buttons, 176 
separation from gold by D'Hen- 
nin's process of fusion. 177 
Iron contained in precipitated copper, 
correction for, 1 1 3 
filings as a precipitating agent, 81 
in nickel ore, 1S8 

separation of, 196 
Lower Harz assay of, 281 
non-precipitation of, by galvanic 

action, 116 
ores and manufsictured iron, pro- 
cess for determining sulphur in, 
260 
precipitation of copper with. 111- 

114 
pyrites, 81, 82, 256 
assaying, 257 
with galena, 93 

Jaqueline-Huhert's assay for consider- 
able percentages of copper, 130 

j Joachimsthars process for bismuth 
ores, 225 

I JUptnerVs fusion of gold and silver al- 
loys, 178 

Kandelhard on the loss of gold in cupel- 
ling, 175 

Kandelhard's experiments on boiling 
argentiferous gold with nitric acid, 
173 

Kipp's apparatus for precipitation, 40 
' KCLstell's assay for mercury in combina- 
tion with gold, 231 

\ Laminating the button of gold, 171 
; Lead, 85-100, 211. 212 

and borax, refining copper with, 

106, 107 
and silver assay combined, 140, 
141 
determinination of the 
I percentage of, 227 

preliminary assay of cu- 
priferous alloys by ou- 
pellntion with, 169, 170 
argentiferous, cupellation of, 141- 
144 
• arsenate, 96 

assays of, in the dry way, 85 

inaccuracy of, 85 
I of, with sulphuric acid, 94, 95 

auriferous, 166 
, cupellation of, 164, 165 
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Lead — 

bullion, A98nj of, 146 
carbonate, 96 

charge of, 96 
chromate, 96 

collecting silver with, 182-141 
colorimetric procesBes for, 100 
dross, 97 
fume, 1*7 
granulated, 81 

graTimetric analysis of, 98-100 
in copper solution, precipitation of, 

128 
in nickel ores, 184 
in zinc ores, 207 
Lower ilarz, assay of, 280 
matt, assaying of, in different 
countries, 88, 89 
treatment of, in Flintshire, 88 
Mohr*8 process of graTimetric 

analysis of, 99 
monosulpbide with foreign metallic 

sulphides, 93, 94 
ores, 85 
oxide, 80 

salts of, 96 
oxides free from earthy assaying, 
95, 96 
with earths, 96 
oxidizable nature of, 104 
precipitation of, by gaUanic action, 

116 
preliminary assay of cupriferous 

alloys with, 167, 108 
phosphate, 96 

charge of, 96 
quantity to be used in scorification 

assay of silver, 132 
required for alloys of gold with 
silver and copper, tables of, 168, 
169 
separation of bismuth from, 226, 

227 
silicate (slags), 97 
skimmings, 97 

solution, preparation of, 197 
sulphate, 97 

in copper, removal of, 111 
sulphide, 182 
sweepings, 97 
taflings, 97 

test for silver assays, 1«35 
volumetric processes for, 100 
wet assays of, 98-100 
Leads, alloys of, assaying, 97 
Lenoir and Foster of Vienna, furnaces 

of, 64 
Lenssen on more accurate results in 

assay of tin, 223 
Leucopyrite, 286 



Level's assay of tin with potassium 
cyanide, 220 
gaS'heating apparatus, 178 
method for manganese with iron, 
265, 256 
Light in room during titration in zinc 

assays, 212 
Lighter's apparatus for manganese 

assays, 249, 250 
Lignite, composition of, 262 
Linnaeite, 198 
Liquation, 88 

process for determining antimo- 
nium crudum, 233 
Litharge, 78, 95, 141 

entirely free from silver, prepara- 
tion of, 70 
Lower Harz, assay of lead in, 94 

working assays, 279-282 
Lowe's process of assay of lead by 
gravimetric analysis, 99 

Magnetic iron pyrites, 256 

pyrites, 182 
Malachite, 100 
Manganese, 246-256 

carbide, preparation of, from pyro- 

lusite, 246 
gravimetric assay of. 248-252 
Level's method with iron, 255, 256 
method of Fikentacher-Nolte for, 
251 25** 
of Fresenlus-Will for, 249-251 
methodsof Bunsenand Gay-Lussiic, 

252 
ores, 246 

commercial value of, 248 
table of theoretical yield of 
oxygen, chlorine, and per- 
oxide by different, 248 
percentage of, in an ore, determi- 
nation of, 246-248 
precipitation of, by galvanic action, 

116 
removal of, in zinc assays, 211 
volumetric assays of, 252-256 
Manipulations, mechanical, 19-82 
Mansfeld, refining copper in, 107 
Mariotte's bottle, 28, 29 
Mascazzini's process of assay of lead 

by gravimetric analysis, 99 
Matt, determination of nickel in, 194 
rich in copper, charges of, 108 
in iron, charges of, 103 
Matthey and Johnson's platinum appa- 
ratus, 173 
Measuring and weighing samples, 29- 
81 
assay liquid, 45-47 
flasks, 45, 46 
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MeehaDioal assay of gold by washing, 
160 
maoipulatioDS, 19-32 
MecherDich, treaimeDt of lead matt in, 

89 
Meidiuger-Pinkus battery, 116 
Mercurial tetrahedrite, 228, 229 
Mercury, 228-232 

assays yielding free, 228-230 
fire assays of, 228-231 
gravimetric assay of, 231, 232, 238- 

240 
ID combination with gold, assays 

for, 230, 231 
native, 228 
ores of, 228 
precipitation of, by galvanic action, 

116 
Tolumetric assays of. 232. 240, 241 
wet assays of. 231, 232, 238-241 
combined with the dry, 
239, 240 
Metallic oxides in cobalt, 199 
sulphides, method for, 39 

various, the quantities of 
litharge for their (fecompo- 1 
sition, 79 
Metals for precipitation in wet assays, 
83 
fusing points of, 276, 277 
Mexican charges, crucible assay of 

silver. 138, 139 
Microcosmic salt, 79 
Mimetene, 96 
Minium, 95 
Mint cupels. 147, 148 
Mispickel, 236 
Mixing fusion, 38 
Modified Swedish assay, 110 
Mohr*s estimation of arsenious acid, ' 
240 
process of gravimetric analysis of , 
lead, 99 
Moisture, determination of, in sample, 

25-27 
Muffle, 84 

Muffle* furnaces, 49-55 
Munscheid's gas blast furnace, 61 
Miirrle, distilling apparatus of, 42 
Musen assay, 106, 107 
Myargyrite, 181 

Nagyagite, 169 

Neutral atmosphere, ignition in. 33 
New York, assay of galena in, 91 
Nickel, 182-198 
alloys, 184 

rich in cobalt, 184 I 

and cobalt, difficult to separate 
from copper, 104 



Nickel and cobalt — 

ores, sulphurized and arsen- 
ized, 132 
nrseniate, 182 
coins, assay of, 121. 123 
compounds containing metallic sul- 
phides, 183 
free from copper, 183, 187 
from sulphur, and rich in 
arsenic, 184 
determination of, in pyrites and 

matt, 194 
fire assay of (Plattner*s assay), 

182-190 
glance, 182 
non-precipitation of, by galvanic 

action, 116 
ore free from iron, 184 

. indications of a proper assay, 
186 
of successful assay of, 186 
modifications of assay, 186 
precipitation of copper in, by 

galvanic current, 188 
separation of iron in, 196 
slagging off of the arsenical 

iron, 185 
volumetric assay of, with so- 
dium sulphide, 197 
wet assay, conditions giving 

inaccurate results, 197 
when much iron is present, 188 
with bismuth, 184, 185 
with large percentage of cop- 
per, treatment of, 188 
with lead, 184 
ores, 182 

arsenizing, 183 

and fusing, in one opera- 
tion, 185 
colorimetric assay, 198 
compounds of, containing an- 
timony, 189, 190 
diffioult of solution, 189 
containing copper and lead, 

190 
containing sulphates not de- 
composed by roasting, 183 
cupriferous compounds of, 

187 
de-arsenizing of, by volatilisa- 
tion, 186 
electrolytic assay, 190 
gravimetric assay, 1 90 
reducing and solvent fusion 

of, 184 
rich in cobalt and refractory, 

184 
separation of cobalt in, 198 
of iron arseniate, 186 
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Nickel ores, Bepnrntion — 

of nickel and cobalt in, 
195 
Blngglnp off of cobalt, 186 

the cobalt arsenide, 1 86 
treatment of, with iron filings, 

184 
various assays of, 195 
wet assay of, lUU-198 
with small percentage of cop- 
per, 187 
with zinc, 193 
Plattner's assay of, 182-190 
precipitation of with zinc, 115 
protoxide, 199 « 

silicates, 182 

solutions, ammoniacal, resistance 
offered to the gaWanic current 
by, 192 
sulphide (roillerite), 182 
Nickeliferous iron, 182 
pyirhotine, 188 

solution from the assay with sul- 
phoeyanide for determining cop- 
per in nickel coins, 196 
Nitric acid, boiling argentiferous gold 
in, 172. 174 
decomposition of lead assay, 

sample with, 95 
in copper solution, precipita- 
tion of, 128 
Nitro-muriatic acid (aqna regia) for 

decomposing lead ore with, 95 
Non-alloys, sampling, 19 

Object of the art of assaying, 17, 18 

Ochre, bismuth, 224 

Oker assay laboratory, methods of, 27?)- 

282 
Ore balance, 70 
Organic combustion furnaces, 63 

substances in presence of nitric 
acid with ammonia, lint of, 130 
Orpiment, artificial, 238 
nntive yellow, 238 
red and yellow, assays for determi- 
nation of, 238 
Orsat's apparatus for examination of 

furnace gases, 269-272 
Oxidized copper ores, 100 

substances (lead), 95-97 
Oxidizing agents, 78 
fusion, 36, 37 

or reducing by means of standard 
solution, 44 

Palladium passing with silver into solu 
tion from its alloy with gold, 177 

Parke's assay of copper with potassium 
cyanide, 124-127 



Patera's process for separating bismuth 
from lead, 226, 22B. 227 
technical teat for uranium, 242 
Pnttison lead, 81 
Peat, composition of, 262 
Pelouze's copper assay, 44 

volumetric aseay of copper, 124 
Percy, charges for oxidized lead ore 

according to, 96 
Per rot's furnace, heat attainable by, 60 

gas muffle- furnace. 54, 55 
Petroleum, furnaces using the vapors 

of, 64 
Phosphates of copper, 100 
Pipettes, 46, 47 
Pitch blende, 241 

Plutiniferous ores, assay of, 179, 180 
gold in, 179 
percentage of platinum in, 179, 

180 
sand in, 179 
wet assay of, 180 
Platinum, 179-182 
alloys, 180-182 
dish, 119 

eflFect of, on the surface of aurifer- 
ous button after it has been cu- 
pelled, 176 
foil. 117 
gold and silver, with cupellation 

of, 181, 182 
gold with, cupellation of, 180, lAl 
native, 179 
ores, 179 

silver with cupellation of, 181 
spiral, 117 
Plattner's assay of nickel, 182-190 
chlorination process, 166 
method for determination of tern- 

peratures, 277 
muffle-furnace, 51, 52 
process for nickel ores containing 
much iron, 188 
Plumbiferous black copper, refining by 
cupellation, 107 
ores, assay of, by Schaffner's pro- 
cess, 284-286 
Polybasite, 131 

Poor ores with gangue, refining of, 109 
Potassium carbooate, 76, 80 
cyanide, 77, 81 

assay of galena with, 89 
assay of tin with, 220 
Parkes's assay of copper with, 
124-127 
ferrocyanide, 77, 81 

for zinc assays, 212, 213 
permanganate, determination of 
tin by, 223, 224 
Pourcers method for chromiam, 243 
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Precipitntes, drying, 42 

igniting, 42 
Precipitating metals by electrolysis, 18 
or desulphurizing ngents, 81 
with n standard solution, 44 
Precipitation assay of galenn, 86 
of copper with iron, 111, 112 
of the solution, 40 
IVibram, assay of galena at, 91 
Prinsep's principle for determination of 

temperatures, 277 
Ptfilonielane, 246 

PuWerized substances, sampling of, 21 
Pulverizing the desiccated mass, 27 
Pulverulent assay of auriferous silver, 

177, 178 
Purifying fusion, 87 
Purple copper ore, 100 

charges of, 103 
Pymrgyrite, 131 

Pyrites and matt, determination of 
nickel in, 194 
copper, charges of, 103 

treatment of, 102 
mngnetic, 182 
poor in gold, 163 
Pyrolusite, 246 

assays of, 246 
Pyrometer, use of, 266 
Pyromorphite, 96 
charge of, 96 
Pyrostilbite, 232 

Quartation, 166 

Ramihelsbergite, 182 
Ranimelsburg ores, assay of, 279 
smelting works, assay of, 94 
Raschette's furnace, 61 
lUw flux, 77 
Reagents for decomposing, 33 

for dry assays, 76 i 

for wet assays, 83 
Realgar, assay of, 238 
Red lead ore, 248 

orpiment, 238 i 

Reducing agents, 76 

and solvent fusion of copper ores, 

102 
fusion, 87 

power, estimation of, 77, 78 
of various agents, 78 
Refining alloys of copper, 109 
copper by cupeilatioo, 107 
by fluxes, 104 
in Mansfeld, 107 
on the dish, with borax, 104 
oxidizing fusion, 104 
with lead and borax (MUsen 
assay), 106 



Refining copper — 

with the blowpipe, 108 
without borax and lead, 106 
dishes, 65 

oxidized substances without sul- 
phur, 108 
poor ores with basic gangue, acid 
gnngue, and basic and acid 
gangue, 109 
rich and poor slags, 109 
and very rich ores, 109 
Refractory ores, roasting. 86 
Remeltinf; the sample, 88 
Retorts, 62. 63 
Rheinsand, 162 
Rhodium, effect of, on auriferous silver 

button, 176 
Rich and very rich copper ores, refining 
»of, 109 
galena, assay of, 86-89 
Riche*s process of assiiy of lead by 

gravimetric analysis, 100 
Richter's mode of determination of the 

coking quality of coal, 264 
Roasting, 32. 33 

and reducing assay for antimony, 

234 
of lead, 93, 94 

inaccuracy of, 
93, 94 
copper ores, 102 
dishes, 33, 34, 65 
process, 88-36 
Roll assay, drying and annealing the 
rolls, 174 
for argentiferous gold, 1 70-1 77 
washing the rolln, 174 
weighing the rolls, 175 
Root's blower, 60 
Rose's crucible, 121, 122 

method of treating ores of mer- 

cury, 229 
process for bismuth ores, 226 
Rossler, on the loss of gold in cupel- 
ling, 175, 176 
Rothenbach smelting works, process of 

refining copper at, 108 
Ruby silver, 131 
Rumford, 266 

Salt, common, 82 

of phosphorus, 79 
Saltpetre, 78-81 
Salts of lead oxide, 96 
Sample, charging the, 31 

preparation of the, 25-29 

pulverulent, weighing, 30 
Samples by rasping, 20 

from the heap, 19 

measuring and weighing, 29^1 
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Samples — 

of gu 1(1 smiths' sweepings, 22 
slag, 20 

taken while the ore is being 
weighed, 20 
Sampling, 19-26 
alloys, 28.-25 
before weighing, 22 
by boring, 24 
by catting, 23 
by dipping, 24 
by dropping the ore, 21 
by granulation, 24, 25 
by the crossing method. 20. 21 
small ore and paWcrised sub- 
stances, 21 
substances in a state of fusion, 22 
while weighing, 21 
Saturating a base, 44 
Saxon assay of tin, 215 
Scale, rough, for weighing, 70 
Schaffner's assay of sine, 44 

with sodium sulphide, 207 
-212 
as modified by 
Brunnlechner, 
282-286 
Scheibler's steam apparatus, 26 
Schemnitz charcoal furnaces, 53, 54 
Schlosing's furnace, 60 
Schober*s Tolumetric assay of zinc, 

213 
Schulze's washing apparatus, 28 
Schwaokhoffer's apparatus for examin- 
ing gas, 272 
Sohwarz's volumetrip assay of copper, 

124 
Soorifi cation assay for gold, 161 
of silver, 182-137 
or calcining vessels, 65 
Scorifying, small losses in assaying sil- 
ver by, 144 
Sefstrom*s furnace, 61 
Selenium, precipitation of, by galvanic 

action, 116 
Separation of auriferous silver grains 

from samples of ores, 178 
Siemens' electric pyrometer, 266 
Sifting samples, 27 
Silbermann's investigations in regard tu 

heating power of carbon, 266 
Silver, 131-169 

alloys, dry assays of, 146-150 
hydrostatic assay for, 169 
wet assays for, 150-158 
method for, 146 
amalgam, 146 

and gold alloys with or without 
copper, 166 
in lead, 87 



Silver and gold — 

sweepings, crucible assay 

of. 139, 140 
with platinum, capellation 
of, 181, 182 
and lead assay combined. 140, 141 
determination of percent- 
age of, 227 
antimonial, 131 
assays, accuracy of, 143, 144 
Balling's volumetric assay for, 144, 

145 
bromide, 131 
charges for scorification assay in 

different localities, 137 
charges of, for crucible assays in 

various countries, 138-140 
chloride in copper, removal of, 

111 
crucible assay of, 137-140 
cupreous, 82 

assay of, 147-150 
determination of percentage of, by 

preliminary assay, 147 
fine, 147 

fire assays for, 132-144 
for alloying with gold, 82 
glance, 181 

gravimetric analysis for, 158 
horn, 131 
iodide, 131 
loss in assaying, 144 
Lower Harz working assay of, 281 
native, 131 

non-alloys of, assays for, 181-145 
number of samples of, for ecurifiea- 

tion assay, 133 
ore, brittle, 181 
ores, 131 
precipitation of, by galvanic action, 

116 
preparation of pure, 82 
removal of, in zinc assay, 211 
ruby, 181 

scorification assay of, 132-137 
table of charges for scorification 

assay, 133-185 
telluride, 131 
Upper Harz, 23 
wet assays for, 144, 145 
with lead, collecting, 132-141 
with platinum, cupellation of, 181 * 
Sire's apparatus, 152-154 
Skimmings and dross silver, 141 
Slag from charcoal iron furnaces, 82 

samples, 20 
Slags, rich and poor, refining of, 109 

silver, crucible assay of, 140 
Small ore and pulverized substances, 
sampling of, 21 
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Smalt ft8say, 109 

object of, 200, 201 
Smaltipe, 198 
Smitbsonite, 202 
Soapstone crucibles, 67 
Soci^t^ geoeyoise, furnace of, 54 
Sodiam-ammoDium-hydrogeu phos- 
phate. 79 
carbonate, 80 
chloride. 82 

for silver assay, 161 
sulphide, assay of zinc ores with, 
207-212 
in zinc assay, 210 
volumetric assay of nickel ore 
with, 197 
Solntion, 45 

empirical, 45 
evaporation of, 39 
precipitation of, 40 
preparation of the standard, 45 
Solutions, assay, preparation of, 151, 
155 
deci normal, 45 
normal, 45 

verification of, 45 
Solvent agents, 79, 80 
Spain, charge of silver, crucible assay, 

139 
Spatula, 31, 34, 35 
Spirit lamp, 42, 43 
Stephanite, 131 
Stibnite, 232 

Stohmann's siphon pipette, 46 
Storer's process of assay of lead by 

gravimetric analysis, 99 
Stromeyerite, 131 
Sublimation, 38 

and distillation, furnaces for, 61, 62 
Substances in a state of fusion, sam- 
pling, 22 
in fragments, sampling, 19, 20 
Sulphide of iron, 132 

of zinc, 132 
Sulphides, metallic, treatment of, 261, 

262 
Sulphoeyanide, assay of copper with, 
122-124 
of silver with, 156-158 
for nickel assay, 196 
Sulphur, 81, 256V262 

assays by distillation, 257 

for the determination of the 
quantity of, in a substance, 
258-262 
dry assay (raw matt assay) of, 

258 
earths, 256 

assays of, 257 
gold with, 162-164 



Sulphur — 

gravimetric assay of, 259, 260 

in coal or its ash, determination 

of, 265 
indicators for final reaction of, 261 
Lower Harz working assay of, 282 
native, 256 
ores, 256 

process for determining small quan- 
tities of, in iron ores and manu- 
factured iron, at Creuzot, 200 
volumetric assays of, 260-2C2 
wet assays of, 259-262 
Sulphuretted copper ores, 100 
Sulphuric acid, accuracy of assay of 
lead with, 94, 95 
assay of lead with, 94, 95 
Sulphurized bismuth ores, 225, 226 

substances. 86 
Sulphurizing agents, 81 
Swansea, assay of copper slag at, 130 
Swedish assay for copper,^ 1 10 

modified, 110 
Sweepings, gold and silver, crucible as- 
say of, 139, 140 
goldsmiths* samples of, 22 
Sylvanite, 159 

Tabular synopses, 275-277 
Tamm's process for bismuth ores, 226 
for preparing manganese car- 
bide, 246 
Tarnowitz, treatment of lead matt in, 89 
Tellurium, white, 159 
Tetrahedrite, 100, 224 
charges of, 103 
treatment of, 102 
Tin, 214-224- 

assays, how more accurate results 
may be attained in volumetric 
assays, 228 
charges of, 216 
comparative accuracy of Cornish 

and German assays of, 220 
Cornish assay of, 219, 220 
determination of, by means of 
iodine, 222, 223 
of, by means of potassium per- 
manganate, 223, 224 
of, by washing in Cornwall, 
215 
fire assays of, 215, 221 

of, object of, 215 
German assay of, 216 
gravimetric assays of, 221 , 222 
in copper, removal of. 111 
in separate grains, treatment of, 

218 
Levol's assay of, with potassium 
cyanide, 220 
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Tin— 

losses of, by German aod Cornish 

methods, 215 
ore containing earthy admixtures, 
treatment of, 217 
foreign metAllic sulphides, 
arsenides, and antimo- 
nides, treatment of, '217 
slags, treatment of, 218, 219 
ores, 214 

oxide combined with silicate, treat- 
ment of, 218, 219 
reducing, 215 
slagging off of, 217, 218 
Saxon assay of, 215 
volumetric assays of, 222 
wet assays of, 221-224 
with copper gives refractory oxides 
and shigs, 104 
Tinstone, 214 

and metals in combination with, 

specific gravities of, 217 
determination of, by washing, 214, 

215 
digesting, in aqua regia, 221 
Titrating, burettes for, 47, 48 
Toolcey, use of platinum tube by, 178 
Tools and implements, 72-75 
Touchstone, examination of alloy in, 
Hw 

Ullgreen on the separation of bismuth 

and lead, 227 
Upper Harz, assay of galena, 86, 92 

in, with potassium 
carbonate, 92, 93 
crucibles, for lead smelting, 65 
Uranium, 241-243 

analytical process for, 241 
gravimetric assays, 241, 242 
ores, 241 

Patera's technical test for, 242 
volumetric assay of, 242, 243 
wet assays of, 241 
Uranous oxide, treatment of, 243 

Valentenite, 232 
Vanning trough, 29 
Varvicite, 246 
Vessels, assay, 64-70 

for the wet method, 69, 70 

for oolori metric analysis, 70 

glass, 69 

of bone- ash, 67, 68 

porcelain, 69 

taking, from the furnace, 57 

with feet, 67 

without feet, 65-67 
Volatile products in fuel, determination 
of, 264 



VolaiiliziDg fluxes, 82 
Volhard's assay with su1pho*cyanide, 
166^158 
volumetric assay of copper, 124 
Volumetric analysis, 17 

assays by, 43-49 
assay of nickel ore with sodium 

sulphide, 197 
assays, advantages of, 18 

for silver alloys, ir>l-158 
of copper, 110, 124-128 
reagents for, 83 
processes for lead, 100 

Wad, 246 

Wagner, on the decomposition of ores 

with bromine, 165 
Wales, treatment of lead matt in, 89 
Washing samples, 28, 29 
Water in various fuels, 263 
Water-baths for drying samples, 26 
Weighing and measuring samples, 29- 
31 
a pulverulent sample, 30 
the button, 31 
Weights and balances, 70, 71 
Weil's volumetric assay of copper, 124 
Welch's furnace. 60 
Welter's law, 266 
Wet assays, 110 

of copper, 110-130 

of gold, 165 

of lead. 98-100 

of platioiferous ores, 180 

of silver, 144, 145 

reagents for, 88 
method, 17 

operation by, 38—49 
White flux, 77 

tellurium, 159 
Wiessnegg's gas furnace, 60 
Willemite, 202 
Wiud furnaces for free burning coal, 58 

for illuminating gas. 58 
or draught furnaces, 55-60 
Woody fibre, composition of, 262 
Working assays. Lower Harz, 279-282 
Woulff bottle, 237 
Wrought- iron vessels, 67 
Wulfenite, 96 

Yellow lead ore, 96 
orpiment, 238 

Zinc, 202-213 

and iron in lead, 87 
assay, indicators for final reaction, 
209 
quantity of hydrated ferric 
oxide in, 210 
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ZiDC asFay — 

Scbaffner's, points to be ob- 
served in, 207 
volume of liquid in, 210 
assays, admixtures having a dis- 
turbing effect to be removed, 211 
blende, 202 

with galena, 93 
bloom, 202 
carbonate, 202 
determination of, as zinc sulphide, 

204, 205 
dissolving of, with hydrochloric 

acid, 114 
in copper gives refractory oxides 

and slags, 104 
in nickel ores, 103 
Lower Harz assay of, 281 
non-precipitation of, by galvanic 

action, 116 
ore, determination of zinc as zinc 
oxide, 206 
galvanic assay, 206, 207 
Sbaffoer's assay with sodium 

sulphide, 207-212 
volumetric assays of, 207-213 
with copper, 207 



Zinc — 

ores, 202 

assay of, with potassium ferro- 

cyanide, 212, 213 
copper in, 208 
distillation assay, 202, 203 
dry assays, 202-204 
gravimetric assay of, 204 
indirect assay, 203, 204 
oxidized, 208 

Schaffner's assay, in presence 
of metals soluble in ammo- 
nia, 208 
wet assays, 204-213 
oxide, determination of, 206 
precipitation of copper with, 114, 

115 
pure, for fixing the standard solu- 
tion, 212 
Schaffner's and 6runnlechner*s 

assay of, 282-286 
Schober's volumetric assay of, 213 
silicate, 202 

sulphide, determination of, 204- 
206 
Ziukite, 202 
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ABIfOT.— A Complete Guide for Coach Painters. 

Translated from the French of M. Arlot, Coach Painter ; for eleven 
y^ars Foreman of Painting to M. Eherler, Coach Maker, Paris. By 
A. A. FESQUKTf Chemist and Engineer. To which, is added an Ap- 
pendix, containing Information respecting the Materials and the 
Practice of ("oach and Car Painting and Varnishing in the United 
States and Great Britain. 12mo 91.26 

ARMEK6ATJD, AMOBOTJX, and JOHNSON.— The 
Practical Draughtsman's Book of Industrial De- 
sign^ and Machinist's and Engineer's Drawing 
Companion : 

Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Arraeiigaud the elder, Prof, 
of Design in the Conservatoire of Arts and Industry', Paris, and MM. 
Armengaud the younger^ and Amoroux, Civil Engineers. Rewritten 
and armnged with additional matter and plates, selections from and 
examples of the most useful and gencnilly emploved mechanism of 
the day. By William Johnson, Assoc. Inst. C. fc., E<litor of " The 
Practical Mechanic's Journal." llhiRtratcd by 50 folio steel plates, 

and 50 wooii-cuts. A new edition, 4to $10.00 
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2 HENRY CAREY BAIRD^ CATALOGUE. . 

ARROWSMITH.— Paper-Hanger's Companion : 

A Treatise in which the Practical Operations of the Trade are Sys- 
tematically laid down : with C'opiou!^ Direciions Prej)anitor>' to Paper- 
ing ; Preventives a^inst the Lfl'ect of Damp on \V alls ; the Various 
Cements and Pastes Adaj)ted to the Several Purposes of the Trade ; 
Observations and Directions for the Panelling and Ornamenting of 
Rooms, etc. By James Arrowsmith, Author of "Analysis of Dra- 
pery/* etc. 12mo., cloth $1.25 

ASHTON.— The Theory and Practice of the Art of De- 
signing Fanry Cotton and Woollen Cloths from 
Sample : 

Qiving full Instructions for Reducing Drafts, as well as the Methods 
of Spooling and Making out Harness for Cross Drafts, and Finding 
any Required Rce<l, with Calculations and Tables of Yam. Bv 
Frederick T. Ahhton, Designer, West Pittsfield, Mass. With sii 
Illustrations. One volume, 4to $10.00 

BAIRD.— Letters on the Crisis, the Currency and the 
Credit System. 
By Henry Carey Baird. Pamphlet 05 

BAIRD.—Frot^ction of Home Labor and Home Pro- 
ductions necessary to the Prosperity of the Ameri- 
can Farmer. 
By Henry Carey Baird. Svo., paper 10 

BAIRD.— Some of the Fallacies of British Free-Trade 
Revenue Reform. 

Two Letters to Arthur Latham Perry, Professor of History and Politi- 
cal Eamomy in Williams College. By HENRY Carey Baird. 
Pamphlet 05 

BAIRD.— The Rights of American Producers, and the 
Wrongs of British Free-Trade Revenue Reform. 
By Henry Carey Baird. Pamphlet. 05 

BAIRD.— Standard Wages Computing Tables : 

An Improvement in all former Methods of Computation, so arranged 
that wages for days, hours, or fractions of hours, at a specified rate per 
day or hour, may oe ascertained at a glance. By T. Spangler Baird. 
Oblong folio $5.00 

BAIRD.— The American Cotton Spinner, and Mana- 
ger's and Carder's Guide : 

A Practical Treatise on Cotton Spinning ; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc. ; with 
notices of recent Improvements: together with Rules and Examples 
for making chnnges in the sizes and numbers of Roving and Yam. 
Compilcil from the papers of the late Robert H. Baird. 12mo. $1.50 



HENRY CAREY BAIRD'S CATALOGUE. 3 

BAKEB.— Ifong-Span Bailway Bridges : 

Comprising Iuve^ti^tiou8 of the Comparative Theoretical and Pra^ 
deal Advantages oi the various Adopted or Proposed Tyi)e Systems 
of Construction ; with numerous Formulee and Tables. By B. Baker. 
12mo $2.00 

B AXJEBMAN.— A Treatise on the Metallurgy of Iron : 

Containin|; Outlines of the History of Iron Manufacture, Methods of 
Asstiy, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By H. Bauermax, F. G. S., Associate of the 
Koyal School of Mines. First American £<lition, Revised and En- 
larged. With an Appendix on the Martin Process for Making Steel, 
from the Report or Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. Illustrated. 12mo. . $2.00 

•BEANS.— A Treatise on Bailway Curves and the Iioca- 
tion of Bailways. 

By £. W. Beaks, C. £. Illustrated. 12mo. Tucks. . . $1.50 

BEIiIi.— Carpentry Made Easy : 

Or^ The Science and Art of Framing on a New and Improved System. 
With Specific Instructions for Building Balloon Frames, Barn Frames, 
Mill Frames, Warehouses, Church Spires, etc. Comprising also a 
System of Bridge Building, with Bills, Estimates of Cost, and valuahle 
Tables. Illustrated by 38 plates, comprising nearly 200 figures. By 
William E. Bell, Architect and Practical Builder. 8vo. . $5.00 

BEIiIi.— Chemical Phenomena of Iron Smelting : 

An Experimental and Practical Examination of the Circumstances 
which determine the Capacity of the Blast Furnace, the Temperature 
of the Air, and the proper Condition of the Materials to be operated 
upon. By I. Lo^TiiiAN Bell. Illu8trate<l. 8vo. 

BEMBOSE.— Manual of Wood Carving : 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Designs. By William Bemrose, Jr. With an Introduction 
bv Llewellyn Jewitt, F. S, A., etc. With 128 Illustrations. 4to., 
cloth $3.00 

BICKNEIiIi.— Village Builder, and Supplement : 

Elevations and Plans for Cottayes, Villas, Suburban Residences, 
Farm Houses, StaMes and Carriage Houses. Store Fronts, School 
Houses, Churches, Court IloUses, and a model Jail ; also. Exterior and 
Interior details for Public and Private Buildines, with approved 
Forms of Contracts and Specifications, including Prices of Building 
Materials and Labor at Boston, Mass., and St. Louis, Mo. Containing 
75 plates drawn to scale; showing the style and cost of building in 
different sections of the country, being an original work comprising 
the designs of twentv leading architects, representing the New Eng- 
land, Middle, Western, and Southwestern States. 4to. . $10.00 
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BIiENKASiN.— Practical Specifications of Works exe« 
cuted in Architecture, Civil and Mechanical Sngi- 
neering, and in Boad Making and Sewering : 

To which are added a series of practically useful Agreements and Re- 
ports. By JoUN Blekkarn. Illustrated by lo large folding plates, 
dvo $0.00 

BLUOV*.— A Practical Workshop Companion for Tin, 
Sheet-Iron, and Copperplate Workers : 

Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron, and Copper-plate Workers: Practical Geometry'; 
Mensuration of Surfaces and Solids ; Tables t.f the Weights of Metals, 
Lead Pipe, etc. ; Tables of Areas and Circumferences of Circles; 
Japan, Varnishes, Lackers, Cements, Compositions, itc., etc. By 
Leroy J. Blikn, Master Mevhanic. With over 100 Illastrations. 
12mo $2.50* 

BOOTH.— Marble Worker's Manual : 

Containing Practical Information respecting Marbles in general, their 
Cutting, Working, and Polishing; \ enecring of Marble; Mosaics; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. Booth. 
With an Appendix concerning American Marbles. l2mo., cloth. $1.50 

BOOTH AND MOBP1T.— The Encyclopedia of Che- 
mistry, Practical and Theoretical : 

Embracing its application to the Arts, Metallurgy, Mineralogy, Ge- 
olojjy. Medicine, and Pharmacj-. By James C. B(K)Tn, Mclter and 
Retiner in the United States Mmt, Professor of Applied Chemistry in 
the Franklin Institute, etc., assisted by Campbell Morfit, author 
of " Chemical Manipulations," etc. Seventh edition. Royal ^vo., 
978 pages, with numerous wood-cuts and other illustrations. . $a.00 

BOX.— A Practical Treatise on Heat: 

As applied to the Useful Arts ; for the Use of Engineers, Architects, 
etc. By Thomas Box, author of " Practical Hydraulics." Illustrated 
by 14 plates containing 114 figures. 12rao $5.00 

BOX.— Practical Hydratdics : 

A Series of Rules and Tables for the use of Engineers, etc. By 
Thomas Box. 12mo $2.0*0 

BROWN.— Five Hundred and Seven Mechanical 
Movements : 

Embracing all those which are most important in Dynamics, Hydran- 
lies. Hydrostatics, Pneumatics, Steam Kngines, Mill and other Gear- 
ing, Presses, Horology, and Miscellaneous Machinery ; and including 
many movements never before published, and severnl of which have 
only recently eome into use. By HENRY T. Brown, Editor of the 
" American Xrtisan.** In one volume, 12ma. . . • $IM 
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BUCKMASTEB.— The Elements of Mechanical Phy- 
sics: 

Bv J. C. BUCKMASTER, late student in the Government School of 
5fines ; Certified Teacher of Science by the Department of Science 
and Art; Examiner in Chemistry and Physics in ^e Royal Collef^e 
of Preceptors ; and late Lecturer in Chemistry and Physics of the 
Royal Polytechnic Institute. Illustrated with numerous engravings. 
In one volume, 12mo 11.50 

BULLOCK.— The American Cottage Builder : 

A Series of De«?igns, Plans, and Specifications, from $200 to $20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Paintinc, and Landscape Gardening. By JOHU'BULLOCK, 
Architect, Civil Engineer, Mechanician, and Editor of " The Rudi- 
ments of Architecture and Building," etc., etc. Illustrated by 75 en- 
gravings. In one volume, 8vo $3.50 

BULLOCK. — The Rudiments of Architecture and 
Building : 

For the use of Architects, Builders, Draughtsmen, Machinists, Engi- 
neers, and Mechanics, fklited by Joiix Bullock, anthor of " The 
American Cottage Builder." Illustrated by 250 engravings. In one 
volume, 8vo $3.50 

BTJRGH.— Practical Illustrations of Land and Marine 
Engines : 

Showing in detail the Modern Improvements of High and Low Pres- 
sure, Surface Condensation, and Super-heating, together wit i Land 
and Marine Boilers. By N. P. BuRGH, Engineer. Illustrftcd by 
20 plates, double elephant folio, with text. . . . S21.0O 

BTJBGH.— Practical Rules for the Proportions Ox Mo- 
dem Engines and Boilers for Land and Marine 
Purposes. 

By N. P. BUBOH, Engineer. 12mo $1.50 

BURGH.— The Slide- Valve Practically Considered. 

By N. P. Burgh, Engineer. Completely illustrated. 12mo. $2.00 

BYLES.—Sophisms of Free Trade and Popular Politi- 
cal Economy Examined. 

By a Barrister (Sir John Barnard Byles, Judge of Common 
Pleas). First American from the Ninth English Edition, as jmblinhed 
by the Manchester Reciprocity Association. In one volume, 12mo. 

$1.25 

BYBN.— The Complete Practical Brewer : 

Or Plain, Accurate^ and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter, including the Process of making Bavarian Beer, 
all the Small Beers, such as Root-beer, Ginger-pop, Sarsaparilla- 
beer, Mead, Spruce Boer, etc., etc. Adapte<l to the use of Public 
Brewers and Private Families. By M. L.A FayETTE Byrn, M D. 
With illustrations. r2mo • $1.25 
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B YRN.— The Complete Practical Distiller : 

Coniprisiug the most perfect and exact Theoretical and Practical De- 
scription of the Art ot Distillation and Hectificatiou ; including all of 
the most recent improvementt« in distilling apparatus; instructions 
for preparing spirits from the numerous vegetables, fruits, etc. ; direc- 
tions for the distillation and preparation of all kinds of brandi^ and 
other spirit!*, spirituous and other compounds, etc., etc. By M. La 
FAYErrE Byrn, M. 1). Eighth Iklition. To which are added, Prac- 
tical Directions for Distilling, from the French of Th. Fling, Brewer 
and Distiller. 12mo $1.50 

BYRNE.— Handbook for the Artisan, Mechanic, and 
Engineer : 

Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, Apparatus, Materials and Processes for Grinding and 
Polishing, etc. By Oliver Byrne. Illustrated by 185 wood en- 
gravings. In one volume, 8vo $5.00 

BYBNE.— Pocket Book for Railroad and Civil Engi- 
neers : 

Containing New, Exact, and Concise Methods for Laying out Rail- 
road Curves, Switches, Frog Angles, and Crossings; the Staking 
out of work ; levelling ; the Calculation of Cuttings ; Embankments ; 
Earth-work, etc. By Oliver Byrne. 18mo., full bound, pocket- 
book form $1.75 

BYBNE.— The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner, and Millwright. By Oliver By'RNE. 1 volume, 
8vo., nearly 600 pages $4.50 

BYBNE.— The Practical Metal- Worker's Assistant: 

Comprising Metallurgic Chemistry ; the Arts of Working all Metals 
and Alloys; Forging of Iron and Steel ; Hardening and Tempering; 
Melting and Mixing ; Casting and Founding; Works in Sheet Metal ; 
The Processes Dependent on the Ductility of the Metals ; Soldering ; 
and the most Improved Processes and Tools employed bv Metal- 
workers. AVith tne Application of the Art of Electro-Metallurgy to 
Manufacturing Pnwjesses ; collected from Original Sources, and from 
the Works of Iloltzapfiel, Bergeron, Leuijold, Plumier, Nai)ier, 
Scoffern, Clay, Fairbairn, and others. By Oliver Byrne. A new, 
revised, and improved edition, to which is added An Appendix, con- 
tiiining TuE Manufacture of Russian Sheet-Iron. By John 
Percy, M. D., F.R.S. The Manufacture op Malleable Iron 
Castings, and Improvements in Bessemer Steel. By A. A. 
Fesquet, Chemist and Engineer. With over 600 Engravings, illus- 
trating every Branch of the Subject., i»vo $7.00 

Cabinet Maker's Album of Furniture : 

Comprising a Collection of Designs for Furniture. Illustrated by 48 
Large and Beautifully Engraved Plates. In one vol., oblong $3.50 
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CAIiLINGHAM.->Sign Writing and Glass Emboss- 
ing: 

A Complete Practical Illustrated Manual of the Art. By Jamk8 
Callingham. In one volume, 12mo $1.50 

CAMPIN.— A Practical Treatise on Mechanical Engi- 
neering : 

Comprising Metallurey, Moulding, Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation. Manufacture of Steam- 
engines, etc., etc. With an Appendix on tne Analysis of Iron and 
Iron Ores. By FRANCIS Campin, C. E. To which are added, Obser- 
vations on the Construction of Steam Boilers, and Remarks upon 
Furnaces used for Smoke Prevention ; with a Chapter on Kxplosicms. 
By R. Armstrong, C. E., and John Bourne. Rules for Calculating 
tlie Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. Bv J. La Nicca. Mana^ment of Steel, Includ- 
iug Emerging, Hardening. Tempering, Annealing, Shrinking, and Ex- 
pansion. And the Case-nardening of Iron. By G. Ede. 8vo. IUus- 
• trated with 29 plates and 100 wom engravings . . . $6.00 

CAMPIN.— The Practice of Hand-Turning in Wood, 
Ivory, Shell, etc. : 

With Instructions for Turning such works in Metal as may be re' 

Suired in the Practice of Turning Wood, Ivory, etc. , Also, an Appen- 
ix on Ornamental Turning. By Francis Campin'; with Numerous 
Illustrations. 12mo., cloth . ' $2.00 

CAREY.~The Works of Henry C. Carey : 

FINANCIAL CRISES, their Causes and Effects. 8vo. paper . 25 

HARMONY OF INTERESTS: Agricultural, Manufacturing, and 
Commercial. 8vo., cloth $1.50 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's " Prin- 
ciples of Social Science." By Kate McKean. 1 vol. 12mo. |2.25 

MISCELLANEOUS WORKS : comprising " Ilarmonv of Interests," 
"Money," "Letters to the President," ^'Financial* Crises," " The 
Way to Outdo England Without Fighting Her," " Resources of 
the Union," "The Public Debt," "Contraction or Expansion?" 
"Review of the Decade 18.57-'b7," "Reconstruction," etc., etc. 
Two vols., 8vo., cloth 

PAST, PRESENT, AND FUTURfe. 8vo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo,, cloth $10.00 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
iflts, and How it may be Extinguished (1853). 8vo., cloth . $2.<K) 

LETTERS ON INTERNATIONAL COPYRIGHT (1867) . .V) 

THE UNITY OF LAW : As Exhibited in the Relations of Physical, 
Social, Mental, and Moral Science (1872). In one volume, Svo., 
pp. xxiii., 433. Cloth $3.50 

CHAPMAN.— A Treatise on Bopemaking: 

As Practised in private and public "Rone yards, with a Description 
of the Manufacture, Rules, Tables of Weights, etc., adapted to the 
Trades, Shipping, Mining, Railwavs, Builders, etc. By Robert 
Chapman. 24mo. . . . $1.50 
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COIiBUBN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimatinff its Capa- 
bilities, and Practical Observations on its Construction and Manage- 
ment. By Zerau COLBUBN. Illustrated. A new edition. l2mo. i$\.'2o 

CRAIK. — The Practical American Millwright and 
Miller. 

By David Craik, Millwright. Illustrated by numerous wood en- 
i gravings, and two folding plates. 8vo $5,00 

BE GBAFF.— The G^eometrical Stair Builders' Guide : 

Being a Plain Practical System of Hand-Railing, embracine: all its 
necessary Details, and Geometrically Illustrated By 22 Steel Ilngrav- 
ings ; together with the use of the most approved principles of Prac- 
tical Geometry. By SiMON De Gkaff, Architect. 4to. . $5.00 

X)E KONINCK.— DIETZ.— APraqtical Manual of Che- 
mical Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found in Commerce. By L. L. De Kox- 
INCK, Dr. Sc, and E. DiETZ, Engineer. Edited with l^otes, by ROBEBT 
Mallet, F.R.^., F.S.G., M.I.C.E., etc.. American Edition, Editetl 
with Notes and an Appendix on Iron Ores, by A. A. Fesqubt, Chemist 
and Engineer. One volume, 12mo. $2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person, of common 
capacity, a finished land surveyor without the aid of a teacher. By 
Andrew Duncan. Illustrate'd. 12mo., cloth. . . . $1.25 

DTJPLAIS.~A Treatise on the Manuflu^ture and Dis^ 
tillation of Alcoholic Liquors : 

Comprising Accurate and Complete Details in Regard to Alcohol from 
Wine, Molasses, Beets, Grniuj Rice, Potatoes, Sorghum, Asphodel, 
Fruits, etc. ; with the Distillation and Rectification of Brandy, Whi*«- 
key. Rum, Gin, Swiss. Absinthe, etc., the Preparation of Aromatic Wa- 
ters, Volatile Oils or Essences, Sugars, Syrups, Aromatic Tinctures, 
Liauenrs, Cordial Wines, Effervescing Wines, etc., the Aging of Brandy 
ana the Improvement of Spirits, witn Copious Directions and Tables 
for Testing and Reducing Spirituous Liquors, etc., etc. Translated 
and Edited from the French of MM. Duplais, Xind et Jeune. Bv 
M. McKennie, M.D. To which are added the United States Internal 
Revenue Regulations for the Assessment and Collection of Taxes on 
Distilled Spirits. Illustrated by fourteen folding plates and several 
wood engravings. 743 pp., 8vo.' $10.00 

DUSSAUCE.— A General Treatise on the Manufacture 
of Every Description of Soap : 

Comprising the Chemistry of the Art, with Remarks on Alkalies, Sa- 
poninable Fatty Bodies, the apparatus necessary in a Soap Factory, 
Practical Instructions in the manufacture of the various kinas of Soap. 
the assay of Soaps, etc., etc. Edited from Notes of Larm^, Fontenelle. 
Malanayre, Dufour, and others, with large and important additions by 
Prof. J3. DnasAUCE, Chemist. Illustrated. In on< vol., 8yo. . •25.00 
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DUSSAUCE.— A General Treatise on the Manufacture 
of Vinegar : 

Theoretical and Practical. Comprising the various Methods, by the 
81ov and tlie Quick Processes, with Alcohol, Wine, Grain, Malt, Older, 
Molasses, und Beets ; as well as the Fabrication of Wood Vinegar, et«., 
eic. By Prof. H. Dus8AUC£. In one volume, 8vo. . . $i>.00 

PXJSSAUCE.—A New and Complete Treatise on the 
Arts of Tanning, Currying, and Iieather Dressing : 

Comprising all the Discoveries and Improvements made in France, 
Great Britain, and the United States. Edited from Notes and Docu- 
ments of Messrs. Sallerou, Grouvelle, Duval, Dessables, Labarraque, 
Payen, Ren^, De FonteneUe. Malapeyre, i»tc., etc. By Prof. H. Dus- 
8AUCE, Chemist. Illustratea by 212 wood engravings. 6vo. $25.00 

PTJSSAXJCE.^A Practical Guide for the Perfumer : 

Being a New Treatise on Perfumerv, the most favorable to the Beauty 
without Ijeing injurious to the Health, comprising a Description of the 
substances used in Perfumerv, the Formulae of more than 1000 Prepa- 
rations, such an Cosmetics, Perfumed Oils, Tooth Powders, Waters, 
Extracts, Tinctures, Infusions, Spirits, Vinaigres, Essential Oils, Pas- 
tels, Creams, Soaps, and many new Hygienic Products not hitherto 
described. Edile<i from Notes and Documents of Messrs. Debay, Ln- 
nel,etc. With additions by Prof. H. Ddssauce, Chemist. 12mo. 

DUSSAUCE.— Practical Treatise on the Fabrication 
of Matches, Gun Cotton, and Fulminating Powders. 

By Prof. H. Dussauce, 12mo $3.00 

Dyer and Color-maker's Companion: 

Containing upwards of 200 Receij)t8 for making Colors, on the most 
approTed principles, for all the various st j'les and fabrics now in exist- 
ence; with the Scouring Process, and plain Directions for Preparing, 
Washing-ofT, and Finishing the Goods. In one vol., 12mo. . $1.25 

EASTON.— A Practical Treatise on Street or Horse- 
power Bailways. 

Bv Alexander Eaoton, C.E. Illustrated by 23 plates, 8vo., 
cloth. . . . : $3.00 

£LDEB.~-Questions of the Day: 

Economic and Social. By Dr. William Elder. 8vo. . $3.00 

FAIBBAIRN.— The Principles of Mechanism and Ma- 
chinery of Transmission : 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Coupling of Shafts, and Engaging 
and Disengaging Crcar. By Sir William Faibbaibn, <\E., LL.D., 
F.R.8., F.G.S. Beautifully illustrated by over 150 wood-cuts. In 
one volume, 12mo. $2.50 

POBSYTH.— Book of Designs for Headstones, Mural, 
and other Monuments : 

Containing 78 Designs. By James Forsyth. With an Introduction 
by Charles Boutell, M. A. 4to., cloth. . • . . . $5.00 
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QIBSON.— The American Byer: 

A Practical Treatise on the Coloring of "Wool, Cotton, Yam and 
Cloth, In three parts. Part First gives a de8cri)itiye account of the 
Dye Stuifs ; if of vegetable origin, where produced, how cultivatod, 
ami how prepared for use ; if cheiuical,> their composition, specific 
gravities, ana general adaptability, how adulterated, and how to de- 
tect the adulterations, etc. Part Second is devoted to the Coloring of 
Wool, giving recipes ft)r one hundred and twenty -nine different cmors 
or shades, and is supplied with Hixty colored sain pies of Wool. Part 
Third is devoted to tne Coloring of' Raw Cotton or Cotton Wast^, for 
mixing with Wool Colors in the Manufacture of all kinds of Fabrics, 
gives recipes for thirty-eight different colors or shades, and is supplied 
with twenty-four colored samples of Cotton Waste. Also, recipes for 
Coloring leavers, Doeskins, mid Flannels, with remarks upon Ani- 
lines, giving recipes for fifteen different colors or shades, and nine 
samples of Aniline ("olors that will stand both the Fulling and Scour- 
ing process. Also, recipes for Aniline Colors on Cotton Thread, and 
t-ecipes for Common Colors on Cotton Yarns. Embracing in all over 
two hundred recipes for Colors and Shades, and ninety-four samples 
of Colored Wool and Cotton Waste, etc. By Richard H. Gibson, 
Practical Dyer and Chemist. In one volume, 8vo. . . $6.00 

GILBABT.— History and Principles of Banking : 

A Practical Treatise. By JAMP:a W. Gilbart, late Manager of the 
London and Westminster Bank. With additions. In one volume, 
8vo., 600 pages, sheep $5.00 

Qothic Album for Cabinet Makers: 

Comprising a Collection of Designs for Gothic Furniture. Illustrated 
by 23 large and beautifully engraved plates. Oblong . . $2.0(» 

GRANT. — Beet-root Sugar and Cultivation of the 
Beet. 

By E. B. Grant. 12mo $1.25 

GHEGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects. Mechanics, and 
Civil Engineers. By Olinthus Gk'egory. 8vo., plates, cloth $3.0« 

GRISWOLD.—Railroad Engineer's Pocket Compan- 
ion for the Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for Engi- 
neers; also the art of Levelling from Preliminarv Survey to the Con- 
struction of Railroads, intended Expressly for the Young Ennneer, 
together with Numerous Valuable Rules and Examples. By Vf. 
Griswold. 12mo., tucks $1.75 

GRUNER.— Studies of Blast Furnace Phenomenf^. 

By M. L. Grunp:r, President of the General Council of laines of 
France, and latelv Professor of Metallurgy at the Ecole des Mines. 
Translated, with the Author's sanction, with an Appendix, by L. D. B. 
Gordon, F.R.S.E.,F.G.S. Illustrated. 8vo, . . . $2.5C 
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GUETTIEB.— MetaUio AUoys: 

Being a Practical Guide to their Chemical and Physical Properties, 
their Preparation, Composition, and Uses. Translated from the 
French of A. Gdettier, Engineer and Director of Foundries, author 
of" La Fouderie en France," etc., etc. By A. A. Fesquet, Chemist 
and Engineer. In one volume, 12mo $3.00 

HABBIS.— Gas Superintendent's Pocket Companion. 

BvIIabris & Brotheb, Gas Met^r Manufacturers, 111. "5 and 1117 
Cherry Street, Philadelphia. Full bound in pocket-book form $1.00 

Hats and Felting : 

A Practical Treatise on their Mannfactufe. By a Practical Hatter. 
Illostrated by Drawings of Machinery, etc. 8vo.' . . . $1.26 

HOFMANir.— A Practical Treatise on the Manufac- 
ture of Paper in. all its Branches. 

By Carl Hopmann. Late Superintendent of P&per mills in Ger- 
many and the United States ; recently manager of tne Public Ledger 
Paper Mills, near Elkton, Md. Illustrated by 110 wood engrayinsp, 
and fiye largo folding plates. In one yolume, 4to., cloth; 3D8 
pages $15.00 

HUGHES.— American Miller and Millwright's Assist- 
ant. 

By Wm- Cabteb Hughes. A new edition. In one yol., 12mo. $l.oO 

HUBST.— A Hand-Book for Architectural Surveyors 
and others engaged in Building: 

Containing Forraulse useful in Designinj^ Builder's work, Table c»f 
Weights, of the materials used in Building, Memoranda connected 
with Builders* work, Mensuration, the Practice of Builders' Measure- 
ment, Contracts of Labor, Valuation of Property, Summary of the 
Practice in Dilapidation, etc., etc. By J. F. IIuasT, C. E. Second 
edition, pocket-book form, full bound $2.00 

JEBVIS.— Bailway Property : 

A Treatise on the Construction and Management of Railways ; de- 
signed to afford useful knowledge, in the popular style, to the lioldera 
of this class of property; as well as Railway Managers. Officers, and 
Agents. By John B. Jervis, late Chief Engineer or the Hudson 
Riyer Railroad, Croton Aqueduct, etc. In one yol., 12mo., cloth $2.00 

JOHNSTON.— Instructions for the Analysis of Soils, 
Limestones, and Manures. 

By J. F. W. Johnston. l2iiio 
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S:EENE.--A Hand-Book of Practical Gauging : 

For tlie Use of Beginners, to which is added, A Chapter on Difitillo. 
tiou, describing the process in operation at the Custom House fot 
ascertaining the strength of wines. By James B. Keene, of H. U. 
Customs. Svo. $1J2o 

KELLEY.— Speeches, Addresses, and Iietters on In- 
dustrial and Financial Questions. 

By Hon. William D. Kelley, M. C. In one volume, 544 pages, 
8vo $3.00 

SIENTISn.— A Treatise on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry and Lo^ 
rithms, including Practical Geometry, Surveying, Measuring of Tim. 
ber, Cask and Malt Gauging, Heights, and Distances. By Tuoma8 
Kentish. In one volume. 12mo. $1.25 

SOBELL.—ERNI.— Mineralogy Simplified : 

A bhort Metho* of Determining and Classifying Minerals, by means 
of simple Chemical Experiments in the Wet Way. Translated from 
the last German Edition of F. VoN KoBELii, with an Introduction to 
Blow-pii)e Analysis and other additions. By Henri Erni, M. D., 
late Cnief Chemist, Department of Agriculture, author of " Coal Oil 
and Petroleum." In one volume, 12mo. .... $2.50 

IiANDBIN.— A Treatise on Steel : 

Comprising its The<:)ry, Meta.llurgy, Properties, Practical Working, 
and Use. By M. II. *C. Landrin, Jr., Civil Engineer. Translate 
from the French, with Notes, by A. A. Fksquet, Chemist and Engi- 
neer. W^ith an Appendix on the Bessemer and tlie Martin Procegj«es 
for Manufacturing Steel, from tlie Report of Abram S. Hewitt, United 
States Commissioner to the Universal Exposition, Paris, 1867. In one 
volume, 12mo. $3.00 

LABKIN.— The Practical Brass and Iron Founder's 
Guide: 

A Concise Treatise on Brass Founding, Moulding, the Metals and their 
Alloys, etc. : to which are adde<l Recent Improvements in the Manu> 
facture of Iron, Steel hy the Bessemer Process, etc., etc. By James 
liARKiN, late Conductor of the Brass Foundry Department in Beany, 
Neafie & Co's. Penn Works, Philadelphia. Fifth edition, reviseil, 
with Extensive additions. In one volume, 12mo. . . $2.25 

XjEAVITT.— Facta about Peat as an Article of Fuel : 

• With Remarks upon its Origin and Composition, the Localities in 
which it is found, the Methods of Preparation and Mannfacture, and 
the various Uses to which it is applicable ; together with many other 
matters of Practical and Scientific Interest. To which is added a chajv 
ter on the Utilization of Coal Dust with Peat for the Production of an 
Excellent Fuel at Moderate Cost, speciallv adapted for Steam Service. 
By T. H. Leavitt. Third ediUon. 12mo. . . . $1.75 
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LEBOUX, C— A Practical Treatise on the Manufac- 
ture of Worsteds and Carded Yams : 

Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning; Sorting, Cleaning, and Scouring Wools; the English 
and French methods of Combing, Drawing, and Spinning Worsteds 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leroux, Mechanical Engineer, and Superintendent of a 
Spinning Mill, by IIORATio Paine, M. D., and A. A. Fksquet, 
Cnemist and Enjji'neer. Illustrateii by 12 large Plates. To which is 
added an Appendix, containing extracts from the Reports of the Inter- 
national Jury, and of the Artisans selected by the Committee appointed 
by the Council of the ScKjiety of Arts, London, on Woollen and Worsted 
Machinery i^nd Fabrics, as exhibited in the Paris Universal Exposi- 
tion, 1867. 8vo., cloth $6.00 

LESLIE (Miss).— Complete Cookery : 

Directions for Cookery in its Various Branches. By Ml88 Leslie. 
60th thousand. Thoroughly revised, with the addition of New Re- 
ceipts. In one volume, 12mo., cloth $1.50 

LESLIE (Miss).— Ladies' House Book : 

A Manual of Domestic Economy. 20th revised edition. 12mo., cloth. 

LESLIE (Miss).— Two Hundred Beceipts in Prench 
Cookery. 

Cloth, 12mo. 

LIEBEB.— Assayer's Guide: 

Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Liebek. 12mo., cloth. . . $1.25 

LOTH.— The Practical Stair Builder: 

A Complete Treatise on the Art of Building Stairs and Uand-Rails. 
Designee* for (.arpenters, Builders, and Stair* Builders. Illustrated 
with Thirty Original Plates. By C. Edward Loth, Professional 
Stair*Builder. One large 4to. volume. .... $10.00 

LOVE.— The Art of Dyeing, Cleaning, Scouring, and 
Finishing, on the Most Approved English and 
French Methods: 

Being Practical Instructions in Dyeing Silks, Woollens, and Cottons,* 
Feathers, Chips, Straw, etc. Scouring and Cleaninjer Bed and Window 
Curtains, Carpets, Rugs, etc. French and English Cleaning, any 
Color or Fabric of Silk, Satin, or Damask. By Thomas Lovk, a 
Working Dyer and Scourer. Second American Edition, to whieh are 
added General Instructions for the Ui^e of Aniline Colors. In one 
volume, 8vo., 343 pages. ^ • $5.00 
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MAIN and BBOWN.— Questions on Subjects Ck>n- 
nected with the Marine Steam-Engin&: 

And ExaiuiDatiun Papers : with Hints for their Solution. By Thomas 
J. Main, Professor of Mathematics, Royal Naval College, and Thoblas 
Bkown, Chief Engineer, R. N. 12mo'., cloth. . . . %1^ 

MAIN and BBOWN.—The Indicator and Dynamo- 
meter: 

With their Practical Applications to the Steam-Engine. By Thomas 
J. Main, M. A. F. R., Assistant Professor R<>yal Naval College, Ports- 
mouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineer, R. 
N., atta<^hed to the Royal Naval College. Illustrated. From the 
Fourth London Edition. 8vo $1.50 

MAIN and BBOWN.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. ; Assistant S. Mathematical Professor at 
the R<»yal Naval College, Portsmouth, and Thomas Brown, Asboo. 
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval Col- 
lejre. Authors of " Questions connected with the Manne Steam-En- 
gine," and the " Indicator and Dynamometer." With numerous lilus 
trations. In one volume, 8vo $5.00 

MABTIN.— Screw-Cutting Tables, for the Use of Me- 
chanical Engineers: 

Showfng the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any required Pitch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
8vo 50 

Mechanics' (Amateur) Workshop: 

A treatise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, Sol- 
deriniif, and Carpentry. By the author of the " Lathe and its ifses.' 
Third edition. Illustrated. 8vo $3.00 

MOIiESWOBTH.— Focket-Book of Useful Formulae 
and Memoranda for Civil and Mechanical Engi- 
neers. 

By Guilford L. Molesworth, Member of the Institution of Civil 
Engineers, Chief Resident Engineer of the Ceylon Railway. Second 
American, from the Tenth London Edition. In one volome, full 
bound in pocket-book form $1.00 

NAPIEB.— A System of Chemistry Applied to Byeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, inclu- 
ding the Cnemistry of Coal Tar Colors, by A. A. Fesquet, Chemist 
and Engineer. With an Appendix on Dyeing and Calico Printing, a? 
shown at the Universal Exposition, Paris, 1867. Illustrated. In one 
Volume, 8V0., 422 pages. . • ... • • • « $5.00 
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NAPIEB.— Manual of Electro-Metallurgy : 

Including the Application of the Art to Manufacturing Processes. By 
James Napier. Fourth American, from the Fourth London edition, 
revised and enlarged. Illustrated by engravings. In one vol., 8vo. $2.00 

NASON.— Table of Beactions for Qualitative Chemical 
Analysis. 

By Henry B. Nason, Professor of Chemistry in the Rensselaer Poly- 
technic Institute, Troy, New York. Illustrated by Colors. 

KEWBERY.-^Gleanings from Ornamental Art of 
every style : 




EDg!i..ii and Foreign 
exquisitely drawn Plates, containing many hundred examples. By 
Robert newbery. 4to $12.50 

NICHOLSON.— A Manual of the Art of Bookbinding : 

Containing full instructions in the different Branches of Forwaiding, 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. 12mo., cloth. $2.25 

NICHOLSON.— The Carpenter's New Guide: 

A Complete Book of Lines for Carpenters and Joiners. Bv Petkr 
N1CHOI.SON* The whole carefully and thoroughly revised by H. K. 
Davis, and containing numerous new and improved and original De- 
signs for Roofs, Domes, etc. By Samuel Sloan, Architect. Illus- 
trated by 80 plates. 4to. 

NORRIS.— A Hand-book for Locomotive Engineers 
and Machinists: 

Comprising the Proportions and Calculations for Constructing Loco- 
motives ; Manner of Setting Valves ; Tables of Squares, Cubes, Areas, 
etc., etc. By Skptimvs Norris, Civil and Mechanical Engineer. 
New edition. Illustrated. 12nio., cloth |l-^>0 

NYSTBOM.—On Technological Education, and the 

Construction of Ships and Screw PropeUers : 

For Naval and Marine Enjrineera. By John W. Nystrom, late Act. 

ing Chief Engineer, U. S. N. Second edition, revised with additionai 

matter. Illustrated by seven engravings. 12rao. . . $1 .•*><» 

O'NEILL.— A Dictionary of Dyeing and Calico Print- 
ing: 

Containing a brief account of all the Substances and Process^ m use 
in the Art of Dyeing and Printing Textile Fabrics; with Practical 
Receipts and Scientific Information. By Cuakles O'Neill, Ana- 




Chemistry of Calico Printing and Dyeing , ^, ,. 

Essav on Coal Tar Colors and their application to Dyemg and Calico 

Printing. By A. A. Fesquet, Chemist and Engineer. With an Ap- 

Emdix on Dveing and Calico Printing, as shown at the Univerwal 
xposition, Paris, 1867. In one volume, 8vo., 491 pages. . f5.00 
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ORTON.— Underground Treasures : 

How and Where to Find Them. A Key for the Ready Detenntnation 
of all the Useful Minerals within the United States. By James 
Orton, a. M. Illustrated, 12mo =^1.50 

OSBOBN.— American Mines and Mining: 

Theoretically and Practically Considered. By Prof. PI. S. OsBORN. 
Illustrated by numerous engravings. 8vo. {/n preparation,) 

OSBORN.— The Metallurgy of Iron and Steel : 

Theoretical and Practical in all its Branches; with special reference 
to American Materials and Processes. By H. 8. OsBORN, LL. D., 
Professor of Mininj^ and Metallur(»y in Lafayette College, Easton. 
Pennsylvania. Illu'^trated by numerous large folding plates and 
wood«engravings. Svo, $17.50 

OVEBMAN.— The Manufacture of Steel : 

Contain in(r the Pnwtice and Principles of Workinjj and Making Steel. 
A lIandb(K)k for Biucksniiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manuftwturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By Fred- 
ERrcK Overman, Mining Ensjinecr, Author of the " Manufacture of 
Iron," etc. A new, enlarged, and revised fklition. By A. A. Fesquet, 
Chemist and Engineer $1.50 

OVERMAN.— The Moulder and Founder's Pocket 
Guide : 

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement; the Moulding of Machine Frames, Mill-^ear^ UoUovr- 
ware, Ornaments, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaisti*r of Paris, Sulphur, 
Wax, and other articles commonly used in Casting ; tlie Construction 
of Melting Furnaces, the Melting and Founding of Metals ; the Com- 
position of Alloys and their Nature. With an Appendix containing 
Keceipts for Alloys, Bronze, Varnishes and Colors tor Castings; also, 
Tables on the Strength and other qualities of Cast Metals. By Fred- 
brick Overman, Mining Engineer, Author of " The Manufacture 
of Iron.'' With 42 Illustrations. 12mo $2.00 

Painter, Gilder, and Varnisher's Companion : 

Containing Rules and Regulations in everjrthing relating to the Arts 
of Painting, (irilding. Varnishing, Glass-Staining, Graining, Marbling, 
Sign-Writing, Gilding on Glass, and Coach Painting and Varnishing ; 
Tests for the Detection of Adulterations in Oils, Colors, etc. ; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simplest and Best Remedies. Sixteenth Edition. Kevised, with ; 
an ApfK?ndix. Containing (^olors and Coloring— Theoretical and i 
Practical. Comprisini? descriptions of a ^reat variety c( Additional J 
Pigment**, their Qualities and Uses, to which are added, Dryers, and 
Mo<]es and Operations of Painting, etc. Together with Chevrenl's 
Principles of Harmony and Contrast of Colors. 12mo., cloth. $1.50 
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PALLETT.— The MiUer's, MiUwright's, and Engineer's 
Quide. 

By Henry Pallett. Illustrated. In one volume, 12mo. $3.00 

FEBCY.— The Manufacture of Bussian Sheet-Iron. 

r>y John Percy, M.D., F.R.S., Lecturer on Metallurgy at the Royal 
School of Mines, and to The Advanced Class of Artillery Officers at 
the Royal Artillery Institution, Woolwich ; Author of *' Metallurgy." 
With Illustrations'. 8vo., paper 50 cts. 

FEBKIKS.— Gas and Ventilation. 

Practical Treatise on Oaa and Ventilation. With Special Relation to 
Illuminating, Heating, and Cooking by Gas. Including Scientific 
Helps to Engineer-students and others. W^ith Illustrated Diagrams. 
By £. E. Perkins. 12mo., cloth $1.25 

PEBKIKS and STOWE.— A 'New Guide to the Sheet- 
iron and Boiler Plate Boiler : 

Containing a Series of Tables showing the Weight of Slabs and Piles 
to produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar (jrauge in 
decimals ; the Weight per foot, and the Thickness on the Bar or n ire 
Gauge of the fractional parts of an inch ; the AV'eight per sheet, and 
the Thickness on the Wire Gauge of Sheet-iron of various dimensions 
to weigh 112 lbs. per bundle; and the conversion of Short Weight 
into Long Weight, and Long Weight into Short. Estimated and col- 
lected by G. H. Perkins and J. G. Stowe $2.50 

PHILLIPS and DABLINGTON.— Becords of Mining 
and Metallurgy; 

Or Facts and Memoranda for the use of the Mine Agent and Smelter. 
By J. Arthur Phillips, Mining Engineer, Graduate of the Imi)erial 
School of Mines, France, etc., and John Darlington, lllustrateti 
by numerous engravings. In one volume, 12mo. . . $l/>0 

PBOTEAUX.—Practical Guide for the Manufacture 
of Paper and Boards. 

By A. Proteaux, Civil Engineer, and Graduate of the School of Arts 
and Manufactures, and Director of Thiers* Paper Mill, Puy-de-D6me. 
With additions, bv L. S. Le NormaND. Translated from the Fn^nch, 
with Notes, by itoRATio Paine, A. B., M. D. To which is added a 
Chapter on the Manufacture of Paper from Wood in the Unitetl 
States, by IIenry T. Brown, of the "American Artisan." IIUiS' 
trated by six plates, containing Drawings of Raw Materials, Machi- 
nery, Plans of Paper-Mills, etc., etc. 8vo $10.00 

EEGKAULT.— Elements of Chemistry. 

By M. V. Regnaui.t. Translated from the French by T. FORREST 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and Wm. L. Faber, Metallurgist and Mining 
Engineer. Illustrated by nearly 700 wood engravings. Comprising 
nearly 1500 pages. In two volumes, 8vo., cloth. . . . $7.50 
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HEID.— A Practical Treatise on the Manufacture of 
Portland Cement: 

By Henry Reid, C. E. To which is added a Translation of M. A 
Lipowitz's Work, describing a New Method adopted in Germany for 
Manufacturing tliat Cement, by W. F. R£ID. Illustrat'ed by plates 
and wood engravings. 8vo. . ' $7. 20 

RIPPAULT, VEBGNAUD, and TOUSSAINT.-A 
Practical Treatise on the Manufacture of Var- 
nishes. 

By MM. RiFFAULT, VergnaVD, and ToussAiNT. Revised and 
Etiited bv M. F. Malepeyre and Dr. Emu. Winckler. Illustrated. 
In one volume, 8vo. {In preparation.) 

RIPPAULT, VERQNAUD, and TOUSSAINT.-A 
Practical Treatise on the Manufacture of Colors 
for Painting: 

Containing the best Formula* and the Processes the Newest and in 
most General Use. By M M. Riffault, Vergnaud, and TorsSAiNT. 
Revised and Edited bv M. V. Mai.epeyre and Dr. Emil Winckler. 
Tran8lat<?d from the Vrench by A. A. Fesquet, Chemist and Engi- 
neer. Illustrated by Engravings. In one volume, 050 pages. 8vo. 

17.50 

ROBINSON.— Explosions of Steam Boilers: 

How they are Caused, and how they may be Prevented. By J. R. 
Robinson, Steam Engineer. 12mo. . ' . 

ROPER.— A Catechism of High Pressure or Non- 
Condensing Steam-Engines : 

Including the Mmlelling, Constructing, Running, and Management 
of Steam Engines and St«am Boilers. With Illustrations. By 
Stephen Roper, Engineer. Full bound tucks . . . $2.00 

ROSELEIJR.— Galvanoplastic Manipulations : 

A Practical Guide for the Gold and Silver Electro-plater and the 
(lalvanoplastic Operator. Translated from the French of Alfred 
RiWELEUR, Chemist, Professor of the Galvanoplastic Art, ManufactU' 
rer of Chemicals, Gold and Silver Electro-plater. By A. A. Fesqukt, 
Chemist and Engineer. Illustrated by over 127 Engravings on wood. 

8vo., 4U5 pages. S7.50 

K-&^ This Treatise is the fidh'M and by far the best on this subject ever 
puhliislied in the United States. 

SCHINZ.—Researches on the Action of the Blast 
Purnace. 

By Charles Schinz. Translated from the German with tlie special 
permission of the Author by William H. Maw and Moritz Mri - 
liER. With an Appendix written by the Author expressly for this 
edition. Illustrated by seven plates, containing 28 figures. In cue 
Tolnme, 12mo. 
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SHAW.— Civil Architecture : 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edwabd Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
Bv Thomas W. Silloway and Geokge M. Harding, Architects. 
Tne whole illustrated by One Hundred and Two quarto plates finely 
engraved on copper. Eleventh Edition. 4to., cloth. . $10.00 

SHUNK.— A Practical Treatise on Bailway Carves 
and Location, for Young Engineers. 
By William F. Shunk, Civil Engineer. 12mo. . . $2.00 

SLOAN.— American Houses: 

A variety of Original Designs for Kural Buildings. Illustrated by 26 
colored Engravings, with Descriptive Ileferences. By Samuel Sloax, 
Architect, author of the ** Model Architect," etc., etc. 8vo. $1 .50 

SMEATOIiT.— Builder's Pocket Companion: 

Containing the Elements of Building, Surveying, and Architecture ; 
with Practical Rules and Instructions connected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. In one volume, 12mo. $1.50 

SMITH.— A Manual of Political Economy. 

By E. Peshine Smith. A new Edition, to which is added a full 
Index. 12mo., cloth $1.25 

SMITH.— Parks and Pleasure Grounds: 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. Bj Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. 12mo. $2.2.'> 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woollen Goods: containing nearly 80<) 
Receipts. To which is added a Treatise on the Art of Padding; and 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the 
various Mordants and C(dors for the different styles of such work. 
By David Smith, Pattern Dyer. 12mo., cloth. . . . $3.00 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instmctions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted and Woollen Goods. Third Edition, with many 
additional Receipts for Dyeing the New Alkaline Blues and Night 
Greens, wiUi Dyed PiUtet^s affixed, 12mo., pp. 3W, cloth. . $10.50 

STEW ABT.— The American System. 

Speeches on the Tariff Question, and on Internal Improvements, princi- 
pally delivered in the House of Representatives of the United States ' 
By Andrew Stewart, late M. C. from Pennsylvania. With a Portrait 
and a Biographical Sketch. In one volume, 8vo., 407 pages. $3.0r 
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STOKES. — Cabinet-maker's and Upholsterer's Com* 
panion : 

Comprising the Rudiments and Principles of Cabinet-making and Up- 
holstery, with Familiar Instructions, illustrated by Examples lor 
attaining a Proficiency in the Art of Drawing, as applicable, to Cabi- 
net-work ; the Processes of Veneering, Inlavmg,^ and Buhl-work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, etc. Direc- 
tions for' Lackering, Japanning, and Varnishing; to make French 
Polish ; to prepare the Best Glues, Cements, and Compositions, and a 
number of Receipts particularly useful for workmen generally. By 
J. Stokes. In one volume, 12mo. With Illustrations. , $1.2£l 

Strength and other Properties of Metals: 

Reports of Experiments on the Strength and other Properties of Metals 
for Cannon. With a Des<'Tiption of the Machines for testin? Metals, 
and of the Classification of Cannon in service, liy Officers of the Ord- 
nance Department U. S. Army. By authority of the Secretary of War. 
Illu8trat4Kl by 25 large steel plates. In one volume, 4to. • $10.00 

SULLIVAK".— Protection to Native Industry. 

By Sir Edward Sellivan, Baronet, author of "Ten Chapters on 
Social Reforms." In one volume, 8vo. ... . . . $l.rjO 

Tables Showing the Weight of Bound, Square, and 
Flat Bar Iron, Steel, etc.. 

By Measurement. Cloth. •..••••• 63 

T A YLOB.— Statistics of Coal : 

Including Mineral Bituminous Substances employed in Arts and 
Manufactures ; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Maim- 
facture. By R. C. Taylob. Second edition, revised by S. S. Hal- 
DEMAN. Illustrated by five Maps and many wood engravings. 8vo., 
^lotli $10.00 

TEMPLETON.— The Practical Examinator on Steam 
and the Steam-Engine : 

With Instructive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By Wm. Templeton, Engineer* 
12mo $1.25 

THOMAS.~The Modem Practice of Photography. 
. By R. W. Thomas, F. C. S. 8vo., cloth 75 

THOMSON.— Freight Charges Calculator. 

By Andrew Thomson, Freight Agent. 24mo. . . . $1.25 

TintKING: Specimens of Pancy Turning Executed 
on the Hand or Poot Lathe: 

With Greometric, Oval, and Eccentric Chucks, and Elliptical Cutting 
Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 
4to 13.00 
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Turner's (The) Companion: 

Containing Instnictiona in Concentric, Elliptic, and Eccentric Tam- 
ing : also various Plates of Chucks, Tools, and Instruments ; and Di- 
rections for using tiie Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest ; with Patterns and Instructions for working them. A 
new edition in one volume, 12mo. $1.50 

UKBIN— BRULL.— A Practical Guide for Puddling 
Iron and Steel. 

By Ed. Urbin, Engineer of Arts and Manufactures. A Prize Essay 
read before the Association of Engineers, Graduate of the School oi 
Mines, of Liege, Belgium, at the fleeting of 1 HQo-ti. To which is added 

A ( 'OMPARISOX OF THE KESISTINO PKOPKRTIES OF IRON AND STEEL. 

By^ A. Brull. Translated from the French by A. A. Fesquet, Che- 
mist and Engineer. In one volume, 8vo. • ' • . . $1.00 

VAILE.— Galvanized Iron Cornice-Worker's Manual.* 

Containing Instructions in Laving out the Different Mitres, and Ma- 
king Patterns for all kinds of IPlain and Circular Work. Also, Tables 
of VVeights, Areas and Circumferences of Circles, and other Matter 
calculated to Bcuefit the Trade. By Charles A. Vaile, Superin- 
tendent " Richmond Co*^nice Works'," Richmond, Indiana. Illustra- 
ted by 21 Plates. In one volume, 4to $5.00 

VILLE.— The School of Chemical Mannres : 

Or, Elementary Principles in the Use of Fertilizing Agents. From the 
French of M. George Ville, by A. A. Fesquet, Chemist and Engi- 
neer. With Illustrations. In one volume, 12 mo. . . $1.25 

VO ODES.— The Architect's and Builder's Pocket Com- 
panion and Price Book: 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of U. S. Measures, 
Sizes, Weights, Strengths, etc., of Iron, Wootl, Stone, and variqjis 
other Materials, Quantities of Materials in Given Sizes, and Dimen- 
sions of Woml, Brick, and Stone; and a full and complete Bill of 
Prices for C'arpenter's Work ; ahjo. Rules for Computing and Valuing 
Brick and Bnok Work, Stone Work, Painting, Plastering, etc. By 
Frank W. Vogdes, Architect. Illustrated. 1 ull bound in pocket- 
book form $'2M 

Bound in cloth. • • 1*^0 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zine, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems ; also, Practical and Simi)le 
Rules for describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical Tin- 
plate Worker. To which is added an Appendix, containinglnstruc- 
tions for Boiler Making, Mensuration of Surfaces and Solid*, Rules fof 
Calculating the Weights of different Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by 32 Phites and 37 
Wood Engravingi. 8vo. ♦S-W) 
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WATSON.— A Manual of the Hand-lAthe : 

Comprising Concise Directions for working Metals of all kinds. Ivory. 
Bone and Precious Woods ; Dyeing, Coloring, and French Polishing ; 
' Inlaying by Veneers, and various methods practised to produce Elabo- 
rate work with Dispatch, and at Small luxpense. By Egbert P. 
Watson, late of " Tne Scientific American," Author of " The Modem 
Practice of Amei;ican Machinists and Engineers." Illustrated by 78 
Engravings $1.50 

WATSON.— The Modern Practice of American Ma- 
chinists and Engineers: 

Including the Construction, Application, and Use of Drills, Latlie 
Tools, Cutters for Boring Cylinders, and Hollow Work Generally, 
with the most Economical Speed for the same ; the Results verified by 
Actual Practice at the Lathe, the Vice, and on the Floor. Together 
with Workshop Management, Economy of Manufacture, the Steam- 
Engine, Boilers, Gears, Belting, etc., etc By Egbert P. Watson, 
late of the '* Scientific American." Illustrated by 86 Engravings. In 
one volume, 12mo. . $2.50 

WATSON.— The Theory and Practice of the Art of 
Weaving by Hand and Power : 

With Calculations and Tables for the use of those connected with the 
Trade. By John Watson, Manufacturer and Practical Mac.4iine 
Maker. Illustrated by large Drawings of the best Power Loouks. 
8vo $7.50 

WEATHBBIjY.— Treatise on the Art of Boiling Su- 
gar, Crystallizing, I<ozenge-making, Comfits, Gum 
Goods. 

12mo $2.00 

WILL.— Tables for Qualitative Chemical Analysis. 

By Professor Heinrich Will, of Giessen, Germany. Seventh edi- 
tion. Translated by Charles F. Hime8, Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. . . . $1.50 

WILLIAMS.--On Heat and Steam : 

Embracing New Views of Va})orizatiou, Condensation, and Explosions. 
By Charles Wye Williams, A. I. C. E. Illustrated. 8vo. $3.50 

WOHLEB,.— A Hand-Book of Mineral Analysis. 

By F. WonLER, Professor of Chemistry hi the University of Gottin- 
gen. Edited by Henry B. Nason, I^rofessor of Chemistry in the 
Kensselaer Polytechnic Institute, Troy, New York. Illustrated. In 
one volume, 12mo $3 00 

WOBSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869. By 8. W. 
WOBSSAM, Jr. Illustrated by IS lai^ plates. Svo. . . $2*50 
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AUERBACH. — Anthracen: Its Constitution, Properties, Man* 
ufacture, and Derivatives, including Artificial Alizarin, An- 
thrapurpurin, with their applications in Dyeing and Printing. 

By G.' AuBRBACH. Translated and edited by Wm. Cbookes, F. R. S. 
8vo. $6.00 

BECKETT.— Treatise on Clocks, Watches and Bells. 
By Sir Edmund Bkckett, Bart. Illustrated. 12mo. . $1.75 

BARLOW. — The History and Principles of Weaving, by Hand 
and by Power. 

Several Hundred Illustrations. 8vo $10.00 

BOURNE. — Recent Improvements in the Steam Engine. 
By John Bourne, C. E. Illustrated. 16mo. . . . $1.50 

CLARK. — Fuel : Its Combustion and Economy. 

By D. KiNNBAR Clark, C. £. 144 Engravings. 12mo. . Sl.^0 

CRISTIANI.— Perfumery and Kindred Arts. 
By R. S. CRISTIANI. 8vo. $6.00 

COLLENS.— The Eden of Labor, or the Christian Utopia. 
12mo. Paper, .$1.00; Cloth, $1.25 

CUPPER.— The Universal Stair BuUder. 

lUnstrnted by 29 plates. 4to. #2.50 

COOLEY. — A Complete Practical Treatise on Perfumery. 
By A. J. CoOLEY. 12mo $1.50 

DAVIDSON.— A practical Manual of House Painting, Grain- 
ing, Marbling and Sign Writing : 

With 9 Colored Illustrations of Woods and Marbles, and many Wood 
Engravings. 12mo $3.00 

EDWARDS.— A Catechism of the Marine Steam Engine. 
By Emory Edwards. Illustrated. l2mo. . . . $2.00 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen : 

Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yarns. By E. C. HasericK. Illustrated by 323 Dyed Pat- 
terns of the Yarns or Fabrics. Bvo $2/).00 

HENRY.— The Early and Later History of Petroleum. 
By J. T. Henry. Illustrated. 8yo. $4.50 
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KELLOGG.— A New Monetary System. 

By Ed. Kellogg. Fifth Editioo. Edited by Mart Kbllogo 
Putnam. 12mo. Paper, $1.00 ; Cloth, .... $1.50 

KEMLO.— Watch Repairer's Hand-Book. 
Illustrated. 12mo. $1.25 

MORRIS. — Easy Rules for the Measurement of Earthworks by 

means of the Prismoidal Formula. 

By El WOOD Morris, C. £. 8vo. $1.50 

McCULLOCH.— Distillation, Brewing and Malting. 
By J. C. McCULLOCH. 12mo $1.00 

NEVILLE. — Hydraulic Tables, Co-Efficients, and Pormulsr 
for Finding the Discharge of Water from Orifices, Notches. 
Weirs, Pipes, and Rivers. 

Illustrated. 12mo $5.00 

NICOLLS.— The RaUway Builder. 

A Hand-book for Estimating the Probable Cost of American Kailwar 
Construction and Equipment. By Wm. J. NICOLLS, C. E. Pocket- 
book Form $2.W< 

Normandy.— The commercial Hand-book of Chemical 
Analysis. 
By II. M. NoAD, Ph. D. 12mo $5.00 

PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Engineers. 

By Frank Proctor. Pocket-book Form. , . . $2.00 

ROSE. — The Complete Practical Machinist : 

Embracing I^the Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Temfiering, the Making and Use of Tools, etc., 
etc. By Joshua Rose. 130 Illustrations. 12mo. . . $2.50 

SLOAN. — Homestead Architecture. 
By Samuel Sloan, Architect. 200 Engravings. 8vo. . $3.50 

SYME. — Outlines of an Industrial Science. 
By David Syme. 12nio $2.0<^ 

WARE.— The Coachmaker*s Illustrated Hand-Book. 

Fully Illustrated. 8vo. $3.00 

WIGHTWICK.—Hints to Young Architects. 

Numerous Wood Cuts. I2mo $2.00 

WILSON.— First Principles of Political Economy. 
12rao $1.50 

WILSON.— A Treatise on Steam Boilers, their Strength, Con- 
struction, and Economical Working. 
By ROBT. WiLBOK. Illustrated. 12mo $2.50 
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